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1. Introduction
5DUHHOHPHQWV DV7DQWDOXP 7D DQG1LRELXP 1E DUH
DOPRVW H[FOXVLYHO\ SURGXFHG IURP JLDQW /LWKLXP±&HVL-
XP±7DQWDOXP/&7W\SHSHJPDWLWHVHJ*UHHQEXVKHV
:RGJLQD7DQFR9ROWD*UDQGH3ROODUG2WKHUPHW-
DOVOLNH%HU\OOLXP%H&HVLXP&VDQG7LQ6QDVZHOO
DV LQGXVWULDOPLQHUDOV LH IHOGVSDUVDQGTXDUW]XVHG LQ
WKHSURGXFWLRQRIFHUDPLFPD\EHYDOXDEOHE\SURGXFWV
RI UDUHHOHPHQW SHJPDWLWH GHSRVLWV H[SORLWDWLRQ HJ
ýHUQê2QHVSHFL¿FFRPPRQIHDWXUHRISHJPDWLWH
¿HOGV LV WKH FOXVWHUHG GLVWULEXWLRQV RI WKH SHJPDWLWHV
ERGLHV >HJ DPRQJ RWKHUV %ODFN +LOOV 6RXWK 'DNRWD
1RUWRQDQG5HGGHQWKH%DUURVR±$OYmR3RUWXJDO
/LPD0DUWLQVDQGWKH)UHJHQDGD±$OPHQGUD
6DODPDQFD 6SDLQ 9LHLUD @ 8S WR QRZ VWXGLHV
GHGLFDWHG WR WKH JHQHVLV RI /&7W\SH SHJPDWLWHV DQG
WR WKHLU UHODWLRQVKLSV ZLWK WKH KRVW URFNV ZHUH PDLQO\
EDVHG RQ PLQHUDORJ\ SHWURORJ\ LVRWRSH JHRFKHPLVWU\
HJ /L 2 DQG 3E DQGRU JHRFKURQRORJ\ HJ 8±3E
$U±$UPHWKRGV0RUHRYHU WKHVHVWXGLHVZHUHIRFXVHG
RQSHFXOLDUSHJPDWLWHV HJ7DQFR%HUQLF/DNH0DQL-
WRED6WLOOLQJHWDO9DQ/LWFKHUYHOGHUDWKHU
WKDQ RQ D ZKROH SHJPDWLWH ¿HOG 7UXHPDQ DQG ýHUQê
DQGWKHQ/RQGRQSURSRVHGDWKHRUHWLFDO
JHQHWLFPRGHOKLJKOLJKWLQJWKHGHYHORSPHQWRISHJPDWLWH
¿HOGV LQ PDJPDWLF LQWUXVLRQ HQYLURQPHQWV7KLV PRGHO
LPSOLHV WKDW UDUHHOHPHQW SHJPDWLWHV DUH GHULYHG IURP
SDUHQWDOJUDQLWLFVRXUFHVZLWKDFKHPLFDOGLIIHUHQWLDWLRQ
IDYRUHGE\WZRPDLQSURFHVVHVLWKHHQULFKPHQWLQYROD-
WLOHHOHPHQWVHJ/L%H)DQGLL WKH LQFUHDVHRI WKH
IUDFWLRQDWLRQGHJUHHDQGWKHHQULFKPHQWLQUDUHHOHPHQWV
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HJ/L%H5E&V1E±7D6QZLWKUHVSHFWWRWKHGLV-
WDQFHIURPWKHJUDQLWLFVRXUFH,QPRVWFDVHVWKHSDUHQWDO
PDJPDFRUUHVSRQGVWRDWZRPLFDOHXFRJUDQLWHHPSODFHG
GXULQJFRQWLQHQWDOFROOLVLRQ&KDSSHOODQG:KLWH
ýHUQêHWDO
7KLVPRGHOLVDFWXDOO\WKHPRVWZLGHO\XVHGIRUPLQLQJ
H[SORUDWLRQRIUDUHPHWDOVEHDULQJSHJPDWLWHV+RZHYHU
LWLVQRWHZRUWK\WKDWVHYHUDOUDUHPHWDOSHJPDWLWH¿HOGV
GHPRQVWUDWHQHLWKHUHYLGHQWJHQHWLFQRUVSDWLDODVVRFLD-
WLRQZLWKJUDQLWLFERG\HJ*|G.RQWDNDQG.\-
VHU'HPDUWLVHWDO'LOOHWDO,QWKDW
FDVHDPDMRUFRQWUROOLQJIDFWRURI/&7W\SHSHJPDWLWHV
DSSHDUV WR EH WKH RFFXUUHQFH RI UHJLRQDO VKHDU]RQHV
HJ.RQWDNHWDO'LOOHWDO(PSODFHPHQW
PRGHOVDUHWKHQVWLOOPDWWHUWRGHEDWH
,QRUGHUWREHWWHUFRQVWUDLQSURFHVVHVLQYROYHGLQWKH
GHYHORSPHQWRI/&7W\SHSHJPDWLWH¿HOGVD¿UVWVWHSLV
WRFKDUDFWHUL]HWKHVSDWLDOUHODWLRQVKLSVEHWZHHQSHJPD-
WLWHERGLHVDQGVXUURXQGLQJVWUXFWXUHVDQGXQLWV,QWKLV
SDSHUZHGHYHORSDVSDWLDOVWDWLVWLFDODSSURDFKDSSOLHG
WRWKH/&7SHJPDWLWH¿HOGRI0RQWVG¶$PED]DFORFDWHG
LQWKH6DLQW6\OYHVWUH*UDQLWLF&RPSOH[66*&0DVVLI
&HQWUDO)UDQFH5DLPEDXOW,QGHHGWKHXVHRIVSD-
WLDODQDO\VLVWHFKQLTXHVZLWKWKHFRPSXWDWLRQRIYDULRXV
QXPHULFYDULDEOHVHJGLVWDQFHWRWKHQHDUHVWQHLJKERU
5LSOH\¶V/¶IXQFWLRQ(XFOLGHDQGLVWDQFHVSDWLDOGHQVLW\
GLVWULEXWLRQ FOXVWHU DQDO\VLV DOORZV TXDQWLI\LQJ ERWK
L WKH VSDWLDO GLVWULEXWLRQ RI WKH SHJPDWLWH ERGLHV LQ-
FOXGLQJ WKHLU JURXSLQJVFDWWHULQJ DQG DOLJQLQJ IHDWXUHV
DQG LL WKHRYHUODSRUSUR[LPLW\RI WKHSHJPDWLWHVZLWK
JLYHQURFNW\SHVRUVWUXFWXUHVGXFWLOHVKHDU]RQHVIDXOW
IDPLOLHVJUDQLWHXQLWV,QRUGHUWRKLJKOLJKWDQ\SRWHQ-
WLDOVSDWLDOOLQNEHWZHHQSHJPDWLWHVDQGWKHVXUURXQGLQJ
VWUXFWXUHVs. l.RQHPXVWEULQJRXWDEQRUPDOVSDWLDOGLVWUL-
EXWLRQVRIWKHSHJPDWLWHVZLWKUHJDUGWRWKHFDUWRJUDSKLF
RXWOLQHV7KDQNV WRDJRRGTXDOLW\RI WKHGDWD VHWV WKH
9DULVFDQ 0RQWV G¶$PED]DF SHJPDWLWH ¿HOG FRQVWLWXWHV
DQH[FHOOHQW FDVH VWXG\ WR WHVW VXFK VSDWLDO VWDWLVWLFV ,W
KDV WKH SRWHQWLDO WR FRQVWUDLQ LQ SDUWLFXODU WKH VSDWLDO
UHODWLRQVKLSV EHWZHHQ UHFRJQL]HG /&7W\SH SHJPDWLWHV
DQG WKH KRVWLQJ JUDQLWHV DQG IDXOW ]RQHV 'DWD VRXUFHV
KDYH LQFOXGHG SXEOLVKHG SDSHUV JHRORJLFDO PDSV DQG
XQSXEOLVKHG3K'WKHVHVWDNLQJEHQH¿WIURPXUDQLIHURXV
PLQLQJ ZRUNV WKURXJKRXW WKH VWXG\ DUHD La Crouzille 
GLVWULFW)LJEHJ)ULHGULFKHWDO&DWKHOLQHDXHW
DO&XQH\HWDO9DULRXVGDWDVHWVKDYHEHHQ
KRPRJHQL]HGDQGFRPSLOHGLQD*HRJUDSKLF,QIRUPDWLRQ
6\VWHP*,66SDWLDO VWDWLVWLFVKDVEHHQXQGHUWDNHQ LQ
RUGHU WR WHVW L WKH VSDWLDO SUR[LPLW\ EHWZHHQ SHJPD-
WLWHV DQG IDXOWV WUDFH LL WKH RYHUODSSLQJ EHWZHHQ KLJK
IDXOWGHQVLW\DUHDVDQGSHJPDWLWHERGLHVLLLWKHVSDWLDO
SUR[LPLW\ EHWZHHQ SHJPDWLWHV DQG IDXOWV LQWHUVHFWLRQV
DQGLYWKHVSDWLDOSUR[LPLW\DQGRYHUODSSLQJRIWKHSHJ-
PDWLWHVZLWKKRVWJUDQLWHV)LQDOO\FOXVWHUDQDO\VLVRIWKH
SHJPDWLWHERGLHVLVSHUIRUPHGLQRUGHUWRPDSDXWRPDWL-
FDOO\WKHVSDWLDODYHUDJHH[WHQVLRQRIHDFKFOXVWHUDQGWR
FRPSDUHWKHLUORFDWLRQDQGWUHQGLHWKHSUHIHUUHGVWULNH
alignment of the pegmatites) to the ones of the faults 
VHWV5HVXOWVRIWKHVWDWLVWLFDOWHVWVDUHIXUWKHULQWHUSUHWHG
DQGGLVFXVVHGLQWHUPVRISRWHQWLDOJHQHWLFOLQNVEHWZHHQ
SHJPDWLWHVDQGYDULRXVJHRORJLFDOVWUXFWXUHV.
2. Geological setting and ield observations
2.1. The Saint Sylvestre Granitic Complex
7KH6DLQW6\OYHVWUH*UDQLWLF&RPSOH[66*&LVORFDWHG
LQWKHQRUWKHUQSDUWRIWKH)UHQFK0DVVLI&HQWUDODQGZDV
HPSODFHGGXULQJWKH9DULVFDQRURJHQ\DW0DFI
%UkPH6DLQW6\OYHVWUHIDFLHV+ROOLJHUHWDOGXULQJ
DUHJLRQDO1:±6(H[WHQVLRQ)DXUHDQG3RQV7KH
'JHRPHWU\RIWKH66*&$XGUDLQHWDOLVDWKLQ
ODFFROLWKRI±NPLQWKLFNQHVVZKLFKLQWUXGHGERWKWKH
SDUDDXWRFKWRQDQGWKHDOORFKWKRQRXVORZHUJQHLVVXQLWV
)LJD7KH66*&LVERXQGHGE\ WKH1DQWLDWQRUPDO
IDXOW )ORF¶KDQGE\ WKH$UUqQHV±2X]LOO\GH[WUDO
VKHDU]RQH0ROOLHUDQG/HVSLQDVVHRQLWVZHVWHUQ
DQG HDVWHUQ HGJHV UHVSHFWLYHO\ %HVLGHV WKH JUDQLWLF
FRPSOH[LVFURVVFXWE\DNPZLGHRQDYHUDJH1(
WUHQGLQJVKHDUHGFRUULGRU )LJD±E0ROOLHUDQG%RX-
FKH]  0ROOLHU DQG /HVSLQDVVH  &XQH\ HW DO
+RWWLQHWDO%DVHGRQPDJPDWLFIROLDWLRQV
WUHQGV WKHVH DXWKRUV UHFRJQL]HG WKDW GHIRUPDWLRQ RF-
FXUUHG±DWOHDVWSDUWLDOO\±GXULQJJUDQLWHHPSODFHPHQW
%HVLGHVDZHOOGHYHORSHGQHWZRUNRI1(WUHQGLQJ
EULWWOH IDXOWV KDV DOVR EHHQ GHVFULEHG LQ WKLV SDUWLFXODU
DUHD HJ &DWKHOLQHDX HW DO  &XQH\ HW DO 
6FDLOOHWHWDO
7KLV SHUDOXPLQRXV FRPSOH[ ZKLFK ZDV GHULYHG E\
PHOWLQJ RI FRQWLQHQWDO FUXVWDO FRPSRQHQWV HJ 9LGDO
HW DO  LV FRPSRVHG RI WKUHH PDLQ JUDQLWLF IDFLHV
UHVXOWLQJIURPVXFFHVVLYHPDJPDLQMHFWLRQIURPZHVWWR
HDVWIROORZLQJWKLVWHPSRUDOVHTXHQFH%UkPHȖ
6DLQW6\OYHVWUHDQG6DLQW*RXVVDXG VHH)LJHJ
&XQH\HWDO6FDLOOHWHWDO7KHVHWKUHHPDLQ
JUDQLWHERGLHVDUHFURVVFXWE\YDULRXVSOXJVRIJUDQLWHV
7KH%UkPHJUDQLWHLVFURVVFXWE\&KkWHDXSRQVDFJUDQLWH
SOXJV G\NHV DQG VLOOV 7KH 6DLQW 6\OYHVWUH Ȗ JUDQLWH
LVFRPSRVHGRI WZRVXEIDFLHVȖDDQGȖEEDVHGRQ
JUDQLWHJUDLQVL]HDQGRQDVOLJKWGLIIHUHQFHRI.IHOGVSDU
SURSRUWLRQ7KHȖJUDQLWHLVFURVVFXWE\ERWKWKHȖ)D-
QD\DQGȖ/HV6DJQHVJUDQLWHSOXJVVLOOVDQGG\NHV)LJ
E&XQH\HWDO7KHȖDQGȖ¿QHWRPHGLXP
JUDLQHG JUDQLWLF VWRFNV ZHUH HPSODFHG DW ± 0D
&XQH\ HW DO  7KHVH VPDOO JUDQLWLF FXSRODV DUH
PRUH SHUDOXPLQRXV IUDFWLRQDWHG DQG HQULFKHG LQ VRPH
LQFRPSDWLEOHHOHPHQWVHJ8/LWKDQȖFRDUVHJUDLQHG
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JUDQLWH &XQH\ HW DO 7KHVH GLIIHUHQFHV DUH DOVR
REVHUYHG LQ PLQHUDORJ\ WKH Ȗ LV FRPSRVHG RI ELRWLWH
DQGPXVFRYLWH.IHOGVSDUVDQGUHVLGXDOVLOOLPDQLWHȖLV
PDGHRIUHVLGXDOELRWLWHPXVFRYLWH.IHOGVSDUDOELWHDQG
TXDUW]ȖLVFRPSRVHGRIPXVFRYLWHDOELWHDQGTXDUW]
7KHȖOHXFRJUDQLWHLVFRQVLGHUHGDVWKHXOWLPDWHKLJKO\
GLIIHUHQWLDWHGPDJPDWLFLQMHFWLRQRIWKH66*&HQULFKHG
LQ8/L)DQG6Q&XQH\HWDO5DLPEDXOW
Saint Sylvestre Granitic Complex
Pegmatite Types
Beryl Type
Complex Type
Les Sagnes graniteγ3
Fanay graniteγ2
Saint Goussaud granite
Saint Sylvestre graniteγ1
Châteauponsac granite
Brâme granite
K
SK
SK-L
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Fig. 1a – *HRORJLFDOPDSRI6DLQW6\OYHVWUH*UDQLWLF &RPSOH[66*&DQG ORFDOL]DWLRQRI WKHUHFRJQL]HGSHJPDWLWHV:KLWHGRWWHGOLQHVLOOXVWUDWH
WKHODUJHVKHDUHGFRUULGRUHJ0ROOLHUDQG%RXFKH]  0ROOLHU DQG /HVSLQDVVH  &XQH\HWDO+RWWLQHWDOb – Zoom on 
0RQWVG¶$PED]DFSHJPDWLWH¿HOGDQGWKHȖ)DQD\DQGȖ/HV6DJQHVJUDQLWLFLQMHFWLRQVORFDWHGLQWKLVSDUWRIWKH6DLQW6\OYHVWUHJUDQLWH
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2.2. The Monts d’Ambazac rare-element 
pegmatite ield
7KH0RQWVG¶$PED]DFUDUHHOHPHQWSHJPDWLWH¿HOG±DW
OHDVW SDUWO\ ± EHORQJV WR WKH VDPH UDUHHOHPHQW PDJ-
PDWLVP HYHQW DV WKH WZR /L±%H±1E±7D±6QHQULFKHG
OHXFRJUDQLWHVRI%HDXYRLU$OOLHU$XEHUW&XQH\HW
DODQG0RQWHEUDV&UHXVH$XEHUWDVZHOO
DVWKH5LFKHPRQWUK\ROLWLFG\NH5DLPEDXOWDQG%XUQRO
$OO WKHVH PDJPDWLF ERGLHV EHORQJ WR D UDUH
HOHPHQW PDJPDWLF EHOW H[WHQGLQJ WKURXJK WKH QRUWKHUQ
ERUGHURIWKH)UHQFK0DVVLI&HQWUDOHJ0DULJQDFDQG
&XQH\,QGHHGWKH0RQWVG¶$PED]DFUDUHHOHPHQW
SHJPDWLWH¿HOGHPSODFHPHQWRYHUODSSHGLQDJHWKHUDUH
HOHPHQWPDJPDWLVPHYHQWc. 0D&XQH\HWDO
VLQFHWKHPRUHGLIIHUHQWLDWHGSHJPDWLWHVHJChèdeville 
district)LJEKDYHEHHQGDWHGDW0D&KHLO-
OHW]HWDO)XUWKHUPRUHJHRFKHPLFDOFRPSRVLWLRQ
RIWKH0RQWVG¶$PED]DFSHJPDWLWHVLVVLPLODUWRWKHRQH
RIWKHDERYHPHQWLRQHGJUDQLWHV5DLPEDXOW
:LWKWKHH[FHSWLRQRIDIHZUDUHHOHPHQWSHJPDWLWHV
of the Chèdeville district,KRVWHGLQWKHSDUDXWRFKWKRQRXV
PHWDPRUSKLF XQLW 5DLPEDXOW  )LJ E WKH UDUH
PHWDOSHJPDWLWHVRI0RQWVG¶$PED]DFDUHDOOFRQ¿QHG
LQWR WKH FRDUVHJUDLQHG Ȗ JUDQLWH )LJ D 'XULQJ
¿HOGZRUN  SODQH PHDVXUHPHQWV RI WKH SHJPDWLWH±Ȗ
JUDQLWH FRQWDFW IURP  GLVWLQFW RFFXUUHQFHV )LJ D
ZHUHREWDLQHG7KH\VKRZDPHDQVWULNHRI1
DQGD±6(GLSRQDYHUDJH)LJD±E$GHWDLOHG
W\SRORJ\LQWHUQDOVWUXFWXUHPLQHUDORJ\VWULNHDQGGLS
RIWKH0RQWVG¶$PED]DFSHJPDWLWHV¿HOGKDVEHHQSHU-
IRUPHGIURPDFODVVL¿FDWLRQSXEOLVKHGE\%XUQRO
FRPSOHPHQWHGE\RXURZQREVHUYDWLRQV7KLVFODVVL¿FD-
WLRQLVEDVHGRQSHJPDWLWHDSOLWHUDWLRZLWKPLQHUDORJLFDO
DQGJHRFKHPLFDOIHDWXUHVRISHJPDWLWHVDQGLWSHUPLWVWR
GLVWLQJXLVK IRXU GLVWLQFW W\SHV L RQ D VFDOH RI RQH FP
WR RQH P .ULFK SHJPDWLWHV W\SH . GHYRLG RI DSOLWLF
XQLWVLLRQDVFDOHRIWHQP1D±.SHJPDWLWHVW\SHZLWK
VFDWWHUHG¿QHDSOLWHV6.LLLRQDVFDOHRIVHYHUDOWHQV
RIP1D±.ZLWKODWH1D±/LSKDVHDSOLWH±SHJPDWLWHVW\SH
ZLWK RQH RU PRUH P OD\HUHG DSOLWLF XQLWV 6./ DQG
¿QDOO\ LYRQDVFDOHRI WHQP 1D±/LDSOLWH±SHJPDWLWH
W\SH6/ZLWKVLPLODUSURSRUWLRQVRIDSOLWHVDQGSHJPD-
WLWHV IRUPLQJ G\NHV LH VKDUS DQG SODQDU FRQWDFW ZLWK
WKH KRVW JUDQLWH %DVHG RQ D FRPELQDWLRQ RI DYDLODEOH
JHRFKHPLFDO DQG SHWURORJLFDO GDWD HJ 3HUULHU 
3DWXUHDX5DLPEDXOWZLWKQHZREVHUYDWLRQV
DQGXVLQJWKHýHUQêDQG(UFLW¶VW\SRORJ\WKHVH
FDQ EH FODVVL¿HG DV IROORZV L W\SH . LV HTXLYDOHQW WR
%HU\O±&ROXPELWHVXEW\SHLLW\SH6.LVDQLQWHUPHGLDWH
HTXLYDOHQWEHWZHHQ%HU\O±&ROXPELWHDQG%HU\O±&ROXP-
ELWH±3KRVSKDWHVVXEW\SHVLLLW\SH6./LVHTXLYDOHQWWR
%HU\O±&ROXPELWH±3KRVSKDWHV VXEW\SHDQGLYW\SH6/LV
HTXLYDOHQWWROHSLGROLWHVXEW\SH 3HJPDWLWHVRIWKH%HU\O
W\SHDUHPDLQO\FRPSRVHGRITXDUW].IHOGVSDUDOELWH
PXVFRYLWHELRWLWH DQGEHU\O$JUHDWGLYHUVLW\RI DF-
FHVVRULHV GRPLQDWHG E\ SKRVSKDWH PLQHUDOV KDV EHHQ
REVHUYHG LQFOXGLQJ DSDWLWH WULSOLWH DPEO\JRQLWH FDV-
VLWHULWHFROXPELWHWDQWDOLWH/LPXVFRYLWHOHSLGROLWHDQG
]LQQZDOGLWHHJ3HUULHU3DWXUHDX5DLPEDXOW
&ROOHFWLYH(YHQWKRXJKPRVWRIWKHVHSHJ-
PDWLWHVEHORQJWRWKH%HU\O±&ROXPELWHVXEW\SH.VRPH
DUHRIWKH%HU\O±&ROXPELWH±3KRVSKDWHVXEW\SH6./
DQGRWKHUV6.DSSHDUDVLQWHUPHGLDWHEHWZHHQWKHWZR
FRQWDLQLQJVFDUFHSKRVSKDWHV3HJPDWLWHVRIWKH&RPSOH[
W\SHRFFXURQO\ LQ WKHChèdeville district )LJEDQG
DUHPDLQO\FRPSRVHGRITXDUW]DOELWHSHWDOLWHOHSLGROLWH
DQGVFDUFH.IHOGVSDU$FFHVVRU\PLQHUDOVIURPWKLVW\SH
DUHPDLQO\UHSUHVHQWHGE\DSDWLWHFDVVLWHULWHFROXPELWH
WDQWDOLWH WRSD] DPEO\JRQLWH PRQWHEUDVLWH PRQD]LWH
QLRELXPUXWLOHDQGUXEHOOLWH5DLPEDXOW
7KH DERYH GHWDLOHG FODVVLILFDWLRQ LQWURGXFHV PRUH
GHWDLOVFRQFHUQLQJWKHLQWHUQDOVWUXFWXUHVDQGWKHIUDFWLRQ-
DWLRQGHJUHHRISHJPDWLWHVWKDQWKDWRIýHUQêDQG(UFLW
DQGWKHIRXUFODVVHVZLOOEHXVHGLQWKHIROORZLQJ
WH[WIRUWKHVSDWLDOVWDWLVWLFDODQDO\VLV
3. Spatial distribution analysis of pegmatites
,Q WKLV VWXG\RFFXUUHQFHVRISHJPDWLWHVKDYHEHHQ
FRPSLOHGIURPDOOSXEOLFDWLRQVDQGGDWDVRXUFHVDYDLODEOH
RQ WKH 0RQWV G¶$PED]DF SHJPDWLWH ¿HOG HJ 3HUULHU
 %XUQRO  3DWXUHDX  )LJ D7KLV GDWD
EDVHZDVFRPSOHPHQWHGE\RXURZQ¿HOGGDWD)RUHDFK
SHJPDWLWHRFFXUUHQFHIRXQGSURMHFWHGFRRUGLQDWHYDOXHV
5*)GDWXP±/DPEHUW&RQIRUPDO&RQLFSURMHFWLRQ
DUHVWRUHGLQD*,6GDWDEDVHZLWKLQIRUPDWLRQRQPLQHU-
DORJLFDOFRQWHQWWKHFODVVIROORZLQJWKHDERYHGHVFULEHG
W\SRORJ\VWULNHDQGGLSRISHJPDWLWH±ȖJUDQLWHFRQWDFW
)LJ  ZKHQ PHDVXUHG DQG D UHIHUHQFH WR WKH GDWD
VRXUFH0RUHSUHFLVHO\ WKHSHJPDWLWHVVHW LVFRPSRVHG
RISHJPDWLWHVEHORQJLQJWRWKHW\SH.6.6./
DQG6/W\SHSHJPDWLWHV)LJD±E7KHERXQGLQJER[
ZKLFKLQFOXGHVWKH66*&RXWOLQHH[WHQWVNP1±6DQG
NP:±()LJD7KXVDUHFWDQJXODUDUHDRI
NPðLVXVHGLQWKLVVWXG\DVDUHIHUHQFHIRUWKHFDOFXODWLRQ
RIDOOVSDWLDOVWDWLVWLFDOSDUDPHWHUV
6HYHUDO PHWKRGV KDYH EHHQ SURSRVHG IRU DQDO\]LQJ
WKH VSDWLDO SDWWHUQ RI SRLQW VHWV ZLWK DSSOLFDWLRQV WR
(DUWK VFLHQFHV LQFOXGLQJ )U\ DQDO\VLV )U\  DQG
IUDFWDODQDO\VLV&DUUDQ]DDDQGUHIHUHQFHVWKHUHLQ
,QRUGHUWRFKDUDFWHUL]HDQGTXDQWLI\WKHRYHUDOOVSDWLDO
GLVWULEXWLRQRIWKHSHJPDWLWHRFFXUUHQFHVWKURXJKRXWWKH
VWXG\DUHDDQDOWHUQDWLYHPHWKRGWKH'LVWDQFHWR1HDU-
HVW1HLJKERU'11KDVEHHQXVHGKHUH7KLVVWDWLVWLFDO
WHFKQLTXHGHYHORSHGE\&ODUNDQG(YDQVDOORZV
PHDVXULQJVSDWLDOUHODWLRQVKLSVLQSRSXODWLRQVDQGLVDS-
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SOLHG WRYDULRXV UHVHDUFK WRSLFV VXFKDV DPRQJRWKHUV
PLQLQJH[SORUDWLRQHJ&DUUDQ]DE0DPXVHHWDO
 JHRPRUSKRORJ\ HJ :LONLQV DQG )RUG 
YROFDQRORJ\HJ%OHDFKHUHWDOSODQHWRORJ\HJ
%DORJDHWDOXUEDQV\VWHPVDQDO\VLVHJ(FNOH\
DQG&XUWLQRUHFRORJ\HSLGHPLRORJ\HJ/DUNLQ
HWDO+DDVH(XFOLGHDQGLVWDQFHLVFRPSXWHG
±LQ'PDSYLHZ±EHWZHHQHDFKSRLQWDQGLWVFORVHVW
QHLJKERULQJGLVWLQFWRQHJLYLQJWKH'11YDOXH
$QDO\VLVRIWKHIUHTXHQF\GLVWULEXWLRQRIWKHFRPSXWHG
'11IRUWKHSHJPDWLWHRFFXUUHQFHV)LJDVKRZV
DPLQLPXPRIPDQGDPD[LPXPGLVWDQFHRIP
%RWK WKH UHODWLYH DQG WKH FXPXODWLYH IUHTXHQF\ FXUYHV
KLJKOLJKWVWURQJDV\PPHWULFDOGLVWULEXWLRQVZLWKDSRVL-
WLYHVNHZQHVVRIWKHREVHUYHGDYHUDJH'11YDOXH
LVPDQGPHGLDQHTXDOVP)ROORZLQJ&ODUNDQG
(YDQVWKH5UDWLRYDOXHJLYHVDQLQGH[PHDVXUH
RIWKHVSDWLDOGLVWULEXWLRQRIREMHFWVLQDPDSDVIROORZV
       
ZKHUH ݎ௢ഥ ݎாഥ LV WKH REVHUYHG DYHUDJH '11 YDOXH  PKHUHDQGݎ௢ഥ ݎாഥ  DYHUDJH'11YDOXHDVH[SHFWHGIRUDSXUHO\UDQGRPVSDWLDOGLVWULEXWLRQZLWK
     
ȡEHLQJWKHSRLQWGHQVLW\DFURVVWKHVWXG\DUHDH[SUHVVHG
DV D QXPEHU RI REMHFWV SHU XQLW RI DUHD VHH &ODUN DQG
(YDQVIRUGHWDLOV7KH5LQGH[YDOXHKDVDOLPLWHG
UDQJH)LJEIURPZKLFKFRUUHVSRQGVWRDQH[WUHPH
FOXVWHULQJZKHUHDOOGDWDSRLQWVDUH ORFDWHGDW WKHVDPH
SODFHWRDPD[LPXPRIIRUSRLQWVGLVWULEXWHGLQDQ
HYHQDQGKH[DJRQDOSDWWHUQ$SXUHO\UDQGRPGLVWULEXWLRQ
RIWKHSRLQWVVHWFRUUHVSRQGVWR5RIXQLW\)LJE+HUH
WKH REVHUYHG DYHUDJH '11
PLVFOHDUO\OHVVWKDQWKH
H[SHFWHG YDOXH  P )LJ
D7KHFDOFXODWHG5YDOXHRI
 )LJ E SURYHV WKH KLJK
FOXVWHULQJ GHJUHH RI WKH SHJ-
PDWLWH RFFXUUHQFHV WKURXJKRXW
WKH 0RQWV G¶$PED]DF ILHOG
LHGDWDSRLQWVDUHDERXWWKUHH
WLPHVFORVHUWRHDFKRWKHUWKDQ
H[SHFWHG IRU D UDQGRPO\ GLV-
WULEXWHGVHWZLWKWKHVDPHQXP-
EHURISRLQWV
7KH5LSOH\¶V.IXQFWLRQ5LSOH\DQGLWVGHULYD-
WLYHVLVDQRWKHUDYDLODEOHVWDWLVWLFDOWRROXVHGWRLGHQWLI\
DQGXQGHUVWDQGWKHSDWWHUQRIPDSGLVWULEXWLRQRIREVHU-
YDWLRQV PRUH SUHFLVHO\ LW KLJKOLJKWV GHYLDWLRQV IURP
VSDWLDOUDQGRPGLVWULEXWLRQRIREMHFWV&RPSOHPHQWDU\
WRWKH'11DQDO\VLVWKLVIXQFWLRQDOORZVGHVFULELQJWKH
GHJUHHRIFOXVWHULQJRUVFDWWHULQJRIHOHPHQWVRQYDULRXV
VFDOHVDQG LWKDVEHHQXVHGH[WHQVLYHO\ IRU LQVWDQFH LQ
ELRORJ\HJ.LVNRZVNLHWDO5R]DVHWDO
5LSOH\¶V .IXQFWLRQ H[SUHVVHV WKH DYHUDJH QXPEHU RI
QHLJKERULQJSRLQWVO\LQJDWDPD[LPXPGLVWDQFHUIURP
GDWDSRLQWVGLYLGHGE\ WKHRYHUDOOSRLQWGHQVLW\DV IRO-
ORZV
     
ZLWKQWKHWRWDOQXPEHURISRLQWV1
i
U WKHQXPEHURI
SRLQWV ZLWKLQ D QHLJKERULQJ GLVWDQFH U RI WKH L SRLQW
IURP WKH GDWD VHW DQG ȡ LV WKH RYHUDOO SRLQW GHQVLW\
YDOXH
6LWXDWLRQV RQ YDULRXV VFDOHV DUH WKXV H[SORUHG ZLWK
FKDQJLQJ U LQ WKH IXQFWLRQ )LJ F ,Q WKH VDPH ZD\
WKHWKHRUHWLFDOYDOXHRIWKLVIXQFWLRQIRUDIXOO\UDQGRP
VSDWLDO GLVWULEXWLRQ LV ʌU DQG WKH¿UVW GHULYDWLYHRI WKH
.IXQFWLRQLV
     
)LQDOO\ WKH VHFRQG GHULYDWLYH /¶ RI WKH IXQFWLRQ LV
GHWHUPLQHGLQRUGHUWR¿[D]HURYDOXHIRUWKHUHIHUHQFH
UDQGRPGLVWULEXWLRQ)LJF
      
5 ௥೚തതത௥ಶതതതത 
୉ഥ
r୉ഥ = ଵଶඥ஡ 
.U ଵ୬ σ ୧୬୧ୀଵ ɏ 
୧ ୰ 
ʌ
/U ඥ Ɏ 
/¶U  െ 
5 ௥೚തതത௥ಶതതതത 
୉ഥ
r୉ഥ = ଵଶඥ஡ 
.U ଵ୬  σ N୧୬୧ୀଵ (r)/ɏ 
୧ ୰ 
ʌ
/U ඥ Ɏ 
/¶U  െ 
5 ௥೚തതത௥ಶതതതത 
୉ഥ
r୉ഥ = ଵଶඥ஡ 
.U ଵ୬  σ N୧୬୧ୀଵ (r)/ɏ 
୧ ୰ 
ʌ
/U ඥ Ɏ 
/¶U   െ 
5 ௥೚തതത௥ಶതതതത 
୉ഥ
୉ഥ ଵଶඥ஡ 
.U ଵ୬ σ ୧୬୧ୀଵ ɏ 
୧ ୰ 
ʌ
/U ඥK(r)/Ɏ 
/¶U L(r) െ r 
Rose diagram
Strike frequency
n = 21
max = 19.05 %
Mean dir.: 15.4°
95 % conf.: ±16.3°
Stereonet pegmatites n = 21
Equal-area, lower hemisphere
15.4°
Fig. 2a – 6WHUHRJUDSKLF SURMHFWLRQ RI
 SHJPDWLWHV VWULNHV PHDVXUHG GXU-
LQJ ¿HOG FDPSDLJQ IURP  SHJPDWLWH
RFFXUUHQFHV b – 'LVWULEXWLRQ RI WKH
VWULNHV7KHPDLQGLUHFWLRQFRUUHVSRQGV
WR1ı
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5LSOH\¶V/¶IXQFWLRQWKXVIDFLOLWDWHVWKHLQWHUSUHWDWLRQV
RI WKH YDULRXV GLVWULEXWLRQ SDWWHUQV IRU GLIIHUHQW VFDOHV
VHHDUURZVLQ)LJFFRQVWDQWYDOXHVFRUUHVSRQGWRD
FRQVWDQWUDQGRPGLVWULEXWLRQRIWKHSRLQWVRQWKHVFDOHV
FRQVLGHUHG ,QFUHDVLQJ5LSOH\¶V/¶IXQFWLRQGHVFULEHV D
FOXVWHULQJGLVWULEXWLRQRIWKHSRLQWVVHWDQGFRQYHUVHO\
GHFUHDVLQJYDOXHVFRUUHVSRQGWRDVFDWWHULQJGLVWULEXWLRQ
RI WKHSRLQWV)XUWKHUPRUH WKH VORSHRI WKH IXQFWLRQ LV
SURSRUWLRQDOWRWKHUDWHRIFOXVWHULQJVFDWWHULQJIRUDJLYHQ
VFDOHLHDJLYHQPD[LPXPQHLJKERULQJGLVWDQFH)LJ
F+HUH WKHFRPSXWHG/¶IXQFWLRQLQFUHDVHVZLWKGLV-
WDQFHLHZLWKGHFUHDVLQJVFDOHDQGVWDELOL]HVDW
PDIWHUU PWKLVVKRZVDSHUVLVWHQWFOXVWHULQJRI
WKHSHJPDWLWHRFFXUUHQFHVXSWRPDQGDUDQGRP-
L]DWLRQRIWKHGLVSHUVLRQRIWKHVHFOXVWHUHGSRLQWVEH\RQG
P1RWHWKDWERWKFXUYHVFRUUHVSRQGLQJWRWKH/¶
IXQFWLRQ IRUDOOSHJPDWLWHVDQG IRU WKH.W\SHRQHVDUH
VXSHULPSRVHG)LJF,QWKHFOXVWHULQJGLVWDQFHUDQJH
±PWZRFOXVWHULQJUDWHVDUHGLVWLQJXLVKHGEDVHG
RQVORSHEUHDNVRIWKHFXUYHDKLJKFOXVWHULQJUDWHXSWR
PDQGDPRGHUDWHRQHIURPWRP)RO-
ORZLQJ$OODQLFDQG*XPLDX[WKHVHGLVWDQFHVFDQ
WKXVEHXVHGWRVHSDUDWHWKHSRLQWVVHW LQJURXSVDQGWR
PDSFOXVWHUVVHH0D[LPXP5HIHUHQFH'LVWDQFH05'
$OODQLFDQG*XPLDX[%RWKUHVXOWVREWDLQHGIURP
WKH'11DQDO\VLVDQGIURPWKH5LSOH\¶V/¶IXQFWLRQFRP-
SXWDWLRQVDUHFRQVLVWHQWZLWKWKH5UDWLRYDOXHDQGFOHDUO\
VKRZWKDWWKHSHJPDWLWHVDUHKLJKO\FOXVWHUHGWKURXJKRXW
WKH0RQWVG¶$PED]DFGLVWULFWDQGWKDWFOXVWHULQJRFFXUV
RQDOOVFDOHVXSWRPZLWKQRVFDWWHULQJHYHQH[-
SUHVVHG7KLVKLJKFOXVWHULQJUDWHVXJJHVWVWKDWDVWURQJ
FRQWURORIWKHOLWKRORJLHVDQGRUVWUXFWXUHVH[LVWVRQWKH
ORFDWLRQV ZKHUH SHJPDWLWHV ZHUH HPSODFHG$ VSDWLDO
VWDWLVWLFDO DSSURDFK LV WKHUHDIWHU GHYHORSHG LQ RUGHU WR
KLJKOLJKWVXFKSRWHQWLDOUHODWLRQVKLSV
4. The pegmatites–host lithologies– 
structures spatial relationships
,Q WKH 0RQWV G¶$PED]DF DUHD VRPH RI WKH ROG XQGHU-
JURXQG ZRUNV DUH H[FHSWLRQDOO\ ZHOO SUHVHUYHG ZKLFK
IDFLOLWDWH PLQHUDORJLFDO DQG SHWURORJLFDO VWXGLHV ZLWKLQ
WKH SHJPDWLWLF ERGLHV LQFOXGLQJ WKH ' GHVFULSWLRQ RI
SHJPDWLWHV¶LQWHUQDO]RQLQJ,QFRQWUDVWV\VWHPDWLFVWUXF-
WXUDODQDO\VLVLVGLI¿FXOWDVWKHIRRWZDOODQGKDQJLQJZDOO
RIWKHSHJPDWLWHVDUHPRVWRIWHQQRWRXWFURSSLQJRUZHUH
GHVWUR\HG E\ WKH SDVW DUWLVDQDO DQG VPDOOVFDOH PLQLQJ
DFWLYLW\)URPWKHRFFXUUHQFHVDVUHIHUHQFHGIURPROG
ZRUNVDQGOLWHUDWXUHRQO\FDQFXUUHQWO\EHWKHVXEMHFW
RI VWUXFWXUDO PHDVXUHPHQWV )LJ  7KXV LQ RUGHU WR
GLVFXVVWKHSRWHQWLDOVWUXFWXUDOFRQWURORQSHJPDWLWH¿HOG
JHQHVLV ZH SURSRVH WR IRFXV RQ UHJLRQDO VFDOH RQ WKH
VSDWLDOUHODWLRQVKLSVEHWZHHQWKHSHJPDWLWHRFFXUUHQFHV
DQGWKHJHRORJLFDOVWUXFWXUHV+HUHHDFKVHJPHQWLVGH-
¿QHGE\LWVWUHQGRUVWULNHEXWLWGRHVQRWFRQWDLQDQ\
RWKHU LQIRUPDWLRQVXFKDVNLQHWLFRUGLSFKDUDFWHULVWLFV
$V VKRZQ EHORZ YDULRXV VSDWLDO VWDWLVWLFDO SDUDPHWHUV
FDQ EH FRPSXWHG IURP WKH OD\HUV RI WKH *,6 GDWDEDVH
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Fig. 3a –5HODWLYHDQGFXPXODWLYHIUHTXHQF\GLVWULEXWLRQVRIWKH'LV-
WDQFH1HDUHVW1HLJKERU '11 IRU WKHSHJPDWLWHV FRQVLGHUHG LQ
WKHZKROH66*&WKHPELQVL]HRIWKHKLVWRJUDPUDQJHVLV¿[HG
IROORZLQJWKH6WXUJHV¶VODZ6WXUJHVb –5DWLR5(1)FRPSXWHG
IURP WKH observed average '11 YDOXH RYHU WKH expected* average 
'11 YDOXH (2).7KH FDOFXODWHG 5 YDOXH RI  KLJKOLJKWV WKH KLJK
FOXVWHULQJUDWHRIWKHSHJPDWLWHVWKURXJKRXWWKH66*&c –5LSOH\¶V/¶
function (5)FRPSXWHGWRGHWHFWVSDWLDOGHYLDWLRQVIURPDKRPRJHQRXV
3RLVVRQGLVWULEXWLRQLH5LSOH\¶V/¶IXQFWLRQYDOXH 7KHFRPSXWHG
5LSOH\¶V/¶IXQFWLRQYDOXH PFRUUHVSRQGVWRDKLJKFOXVWHULQJ
UDWHRIWKHSHJPDWLWHVGLVWULEXWLRQZLWKDFOXVWHULQJGLVWDQFHRI
PDQG5LSOH\¶V/¶IXQFWLRQYDOXH PIRUDPD[LPXPUHIHUHQFH
GLVWDQFHVHH05'$OODQLFDQG*XPLDX[HTXDOWRP6HH
WH[WIRUIXUWKHUH[SODQDWLRQ
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LQFOXGLQJ SRLQWV VHW SHJPDWLWHV ORFDWLRQ OLQHV IDXOWV
DQGVKHDU]RQHVDQGSRO\JRQVPDSSHGJHRORJLFDOXQLWV
4.1. Methodology
4.1.1. Choice of analyses
6HYHUDO PHWKRGRORJLHV KDYH DOUHDG\ EHHQ GHYHORSHG
DQG SURSRVHG IRU SURVSHFWLYLW\ PDSSLQJ XVLQJ *,6
.QR[5RELQVRQ DQG *URYHV  %RQKDP&DUWHU
&DUUDQ]DEDQGUHIHUHQFHVWKHUHLQ7KHFODV-
VLFDO PHWKRGV XVHG LQFOXGH Boolean PHWKRGV weight 
of evidence VFRUHV HVWLPDWLRQ DQG fuzzy logic DSSURDFK
%RQKDP&DUWHURUDOJHEUDLFPHWKRGVHJSiris
9DLOODQWHWDO$OOWKHVHDSSURDFKHVKDYHWKHVDPH
REMHFWLYHWRLQWHJUDWHFDUWRJUDSKLFLQIRUPDWLRQIURPYDUL-
RXVVRXUFHVLQRUGHUWRORFDWH]RQHVZLWKKLJKH[SORUDWLRQ
SRWHQWLDORUSUHVHQWLQJDVLJQL¿FDQWULVNOHYHOHJQDWXUDO
KD]DUGV5HFHQWDSSOLFDWLRQVRIVXFKDSSURDFKKDYHEHHQ
PDGHIRUDPRQJRWKHUVPLQLQJH[SORUDWLRQHJ&DVVDUG
HWDO)HOWULQ&DUUDQ]DD3RUZDOHWDO
ZDWHU VSULQJPDSSLQJ HJ&RUVLQLHWDO
RUELRORJ\HJ.QXGE\HWDO
+HUHZHIRFXVRQWKHDQDO\VLVRIVSDWLDODVVRFLDWLRQV
DPRQJWKHJHRORJLFDOHQWLWLHVLQSDUWLFXODUEHWZHHQWKH
SHJPDWLWHV DQG WKH KRVW OLWKRORJLHV DQG VXUURXQGLQJ
VWUXFWXUHV,QGHHGLIFRQVLGHULQJWKHRXWOLQHVRIGLIIHUHQW
JHRORJLFDOREMHFWVRQDPDSLHSRLQWGDWDOLQHVVXFKDV
IDXOWVRU VKHDU]RQHVSRO\JRQV UHSUHVHQWLQJJHRORJLFDO
XQLWV RQH FRXOG URXJKO\ HVWDEOLVK WKH SRWHQWLDO VSDWLDO
OLQNV EHWZHHQ REMHFWV E\ YLVXDOO\ GHWHUPLQLQJ ORFDWLRQ
FRUUHVSRQGHQFHV+RZHYHUVRPHFDUWRJUDSKLFFRQ¿JXUD-
WLRQVDUHWULFN\WREHREMHFWLYHO\DQDO\]HGDQGSUREOHPV
DOVRDULVHZKHQRQHZDQWV WRTXDQWLI\ WKHUHODWLYHFRQ-
WURORIHDFK W\SHRIJHRORJLFDOREMHFWVRQ WKH ORFDWLRQV
ZKHUHGHSRVLWVDUHHPSODFHG7KHXVHRIVSDWLDODQDO\VLV
WHFKQLTXHVSHUPLWVWRTXDQWLI\WKHVSDWLDOOLQNVEHWZHHQ
GHSRVLWVDQGJHRORJLFDOFDUWRJUDSKLFVWUXFWXUHs. l. HJ
&DUUDQ]DD. 6RPHRI WKH FODVVLF VSDWLDO VWDWLVWLFDO
WHVWVWKDWFDQEHXVHGLQFOXGHLIUHTXHQF\DQDO\VLVRIWKH
VKRUWHVWGLVWDQFHPHDVXUHGEHWZHHQIDXOWVRUVKHDU]RQHV
OLQHV DQG GHSRVLWV SRLQWV LL IUHTXHQF\ DQDO\VLV RI
WKH VKRUWHVW GLVWDQFH PHDVXUHG EHWZHHQ LQWHUVHFWLRQV
RIWKHIDXOWVSRLQWVDQGGHSRVLWVSRLQWVLLLIUHTXHQF\
DQDO\VLV RI WKH IDXOWV RU VKHDU]RQH VSDWLDO GHQVLW\ DW
ORFDWLRQRIWKHLQGLYLGXDOGHSRVLWVLYIUHTXHQF\DQDO\VLV
RI WKH VKRUWHVW GLVWDQFH PHDVXUHG EHWZHHQ JHRORJLFDO
XQLWERXQGDULHVOLQHVDQGGHSRVLWVSRLQWVDQGYIUH-
TXHQF\ DQDO\VLV RI FURVVFXWWLQJ UHODWLRQVKLSV EHWZHHQ
WKH GLIIHUHQW W\SHV RI JHRORJLFDO XQLWV SRO\JRQV DQG
GHSRVLWV SRLQWV 7HFKQLTXHV IRU WKH DQDO\VLV RI WKH
GLVWDQFH IUHTXHQF\ GLVWULEXWLRQ TXDQWLI\LQJ VSDWLDO DV-
VRFLDWLRQVEHWZHHQREMHFWVKDYHDOUHDG\EHHQIRUPDOL]HG
DQGDSSOLHG%HUPDQ%RQKDP&DUWHU
&DUUDQ]DDQG+DOH)ROORZLQJVXFKDSSURDFKDQG
IRUHDFKWHVWWKHIUHTXHQF\GLVWULEXWLRQRIWKHFRPSXWHG
SDUDPHWHUVLVDQDO\]HGLQRUGHUWREULQJRXWDQ\SRWHQWLDO
FRQWURORIWKHREMHFWFRQVLGHUHGRQWKHVSDWLDOGLVWULEXWLRQ
RIWKHSHJPDWLWHVWKLVLVLOOXVWUDWHGLQWKHUDWKHUVLPSOH
V\QWKHWLFH[DPSOH
4.1.2. A synthetic case study
/HW¶VFRQVLGHUWKHVFKHPDWLFJHRORJLFDOPDSDVGLVSOD\HG
LQ)LJDSRLQWVUHSUHVHQWLQJGHSRVLWVDUHGLVSHUVHG
RYHUGLVWLQFWW\SHVRISRO\JRQVOLWKRORJLFDOXQLWVDQGD
VHWRIOLQHVIDXOWVHJPHQWV$VIRURXUQDWXUDOFDVHV\Q-
WKHWLFVHJPHQWVDUHRQO\GH¿QHGE\WKHLUWUHQGVGHWDLOV
VXFK DV NLQHWLF RU GLS SDUDPHWHUV DUH QRW LQGLFDWHG ,Q
RUGHUWRVWXG\WKHGHSRVLWVIDXOWVVSDWLDOUHODWLRQVKLSVWKH
(XFOLGLDQGLVWDQFHLVFRPSXWHGEHWZHHQHDFKSRLQWDQG
LWVFORVHVWOLQHVHJPHQW)LJD7KHIUHTXHQF\DQDO\-
VLV RI WKHVH  UHVXOWLQJ YDOXHV VDPSOHG GLVWULEXWLRQ
VKRZVWKDWaRIWKHGHSRVLWVDUHZLWKLQWKHWZR¿UVW
GLVWDQFHFODVVHVIURPDIDXOWVHHEODFNEDUVKLVWRJUDP
)LJEDQGWKLVZRXOGDUJXHIRUDFRQWURORIWKHIDXOWVHW
RQWKHGHSRVLWVORFDWLRQDQGKHQFHRQWKHLUGHYHORSPHQW
1RZZHFDQLQWURGXFHDVHWRISRLQWVHYHQO\GLVWULE-
XWHGRYHUWKHPDS$VSUHYLRXVO\WKH(XFOLGLDQGLVWDQFH
LVFRPSXWHGEHWZHHQHDFKSRLQWRIWKLVQHZVHWDQGWKH
FORVHVW IDXOW VHJPHQW$V SRLQWV DUH VFDWWHUHG RYHU WKH
VWXG\DUHDWKHUHVXOWLQJKLVWRJUDPVHHJUH\EDUVKLVWR-
JUDP)LJEFRUUHVSRQGVWRWKHIUHTXHQF\GLVWULEXWLRQ
RIIDXOWV¶SUR[LPLW\GLVWDQFHIRU³DQ\´JLYHQORFDWLRQRI
WKH PDS DQG LV KHUH GH¿QHG DV WKH UHIHUHQFH GLVWULEX-
WLRQ,WWXUQVRXWIURPWKLVH[DPSOHWKDWWKHIUHTXHQF\
GLVWULEXWLRQFRPSXWHGIRU WKHGHSRVLWVGRHVQRWGHYLDWH
WRRPXFKIURPWKHUHIHUHQFH RQH,QGHHGIUHTXHQF\YDO-
XHVIURPWKHWZRGLVWULEXWLRQVVKRZVLPLODUYDOXHVOHVV
WKDQRIGLIIHUHQFH)LJELQRWKHUZRUGVWKH
VDPSOHGGLVWULEXWLRQIRUWKHGHSRVLWVFDQEHUHJDUGHGDV
D 1RUPDO 'LVWULEXWLRQ 1' LH VKRZLQJ QR DQRPDO\
IRU WKHRYHUDOOFODVVHV )LJE7KXV LQ WKLVV\QWKHWLF
H[DPSOHGHSRVLWVDUHVWDWLVWLFDOO\QRWORFDWHGDQ\FORVHU
WR WKHIDXOWVVHW WKDQDQ\JLYHQSRLQWRI WKHVWXG\DUHD
7KXVLWPXVWEHFRQFOXGHGWKDWIDXOWVH[HUFLVHQRFRQWURO
RQWKHORFDWLRQVZKHUHGHSRVLWVGHYHORSHG
,QRUGHUWRVWXG\WKHVSDWLDOUHODWLRQVKLSVRIGHSRVLWV
OLWKRORJLFDOXQLWVRQHSRVVLEOHWHFKQLTXHVLPSO\FRQVLVWV
LQFRXQWLQJWKHSRLQWVRYHUODSSLQJSRO\JRQVRIRQHJLYHQ
W\SH)LJDZKLFK\LHOGVWRDGLVFUHWHGDWDW\SHKLVWR-
JUDPZLWKIRUWKHH[DPSOHFRQVLGHUHGIRXUFODVVHVFRU-
UHVSRQGLQJWRWKHIRXUXQLWW\SHV)LJF+HUHLWZRXOG
WXUQRXWIURPWKHDQDO\VLVRI WKHIUHTXHQF\GLVWULEXWLRQ
alone that the lithological unit AFRQWDLQVWKHPDMRULW\RI
WKHPLQHUDOGHSRVLWVDQGZRXOGKDYHWKXVFRQWUROOHGLQ
RQHZD\RUWKHRWKHUWKHLUGHYHORSPHQW)LJF+RZ-
HYHU FRPSDULVRQRI WKH WZRKLVWRJUDPV VKRZV WKDW WKH
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Characterization of a Normal Distribution (ND) Characterization of an High Anormal Distribution (HAD)
(b) (c)
WKUHH¿UVW$%DQG&OLWKRORJLFDO W\SHVGLVSOD\VLPLODU
RU HYHQ OHVV VDPSOHG IUHTXHQF\ YDOXHV WKDQ WKH UHIHU-
HQFH RQH KHUH FRPSXWHG DV WKH UHODWLYH VXUIDFH DUHDV
RI WKHSRO\JRQV)LJ D F+HUH DJDLQ WKH FRPSDUHG
IUHTXHQF\DQDO\VLVKLJKOLJKWVWKDWWKHWKUHHOLWKRORJLHV$
%&KDYHQRDSSDUHQWFRQWURORQWKHORFDWLRQVZKHUHGH-
SRVLWVGHYHORSHG,QFRQWUDVWWKHIRXUWK'FODVVVKRZV
DVLJQL¿FDQWO\KLJKHUVDPSOHGIUHTXHQF\YDOXHWKDQWKH
UHIHUHQFH RQH)LJFLHRIWKHRYHUDOOPLQHUDO
GHSRVLWVDUHORFDWHGLQWKHSRO\JRQW\SHUHSUHVHQWLQJRQO\
RI WKHZKROH VXUIDFHRIJHRORJLFDOPDS )LJD
F7KHUHE\LWDSSHDUVWKDWWKHOLWKRORJLFDOXQLW'FOHDUO\
FRQWUROVWKHHPSODFHPHQWRIGHSRVLWV
7KLV VLPSOH V\QWKHWLF H[DPSOH VKRZV WKDW WKH IUH-
TXHQF\GLVWULEXWLRQDQDO\VLVRIDJLYHQVWDWLVWLFDOSDUDP-
HWHUVDPSOHGVROHO\DWWKHGHSRVLWORFDWLRQVKHUHQDPHG
VDPSOHGGLVWULEXWLRQLVQRWVXI¿FLHQWDVVXFKWRGLVFORVH
VSDWLDOFRUUHODWLRQVEHWZHHQWKHSRLQWVRILQWHUHVWGHSRV-
LWVDQGRWKHUJHRORJLFDOREMHFWV)RUHDFKVSDWLDOVWDWLVWL-
FDOWRROXVHGRQHPXVWFRPSDUHWKLVVDPSOHGGLVWULEXWLRQ
WRWKHRQHFRUUHVSRQGLQJWRDQ\JLYHQSRLQWRIWKHVWXG\
DUHD WKH UHIHUHQFH GLVWULEXWLRQ7HFKQLTXHV KDYH EHHQ
SURSRVHG WRFRPSDUHREVHUYHGGLVWULEXWLRQVZLWK UHIHU-
HQFHRQHV HJ%RQKDP&DUWHU&DUUDQ]DD
,QWKLVVWXG\ZHGH¿QHDFODVVL¿FDWLRQIRUDJLYHQFODVV
RI D IUHTXHQF\ GLVWULEXWLRQ D 1RUPDO 'LVWULEXWLRQ RI
the pegmatites) ND IRUDVDPSOHG WRUHIHUHQFH GLVWULEX-
WLRQUDWLR/RZ$EQRUPDO'LVWULEXWLRQ/$'IRU
D UDWLR ZLWKLQ WKH UDQJH > > DQG +LJK$EQRUPDO
'LVWULEXWLRQ+$' IRUDUDWLRYDOXH$VDQH[DPSOH
WKH SHJPDWLWHV IUHTXHQF\ GLYLGHG E\ WKH OLWKRORJ\ '
IUHTXHQF\ LQ)LJFZRXOGJLYHD UDWLRRIa ,Q WKH
IROORZLQJVHFWLRQWKLVDSSURDFKLVDSSOLHGDQGWHVWHGRQ
WKHFDVHRIWKH0RQWVG¶$PED]DFSHJPDWLWHV¿HOG
4.2. Data used
7ZR VXSSOHPHQWDU\ GDWD VHWV DUH LQWHJUDWHG LQ WKH *,6
GDWDEDVH SRO\JRQV GLVSOD\LQJ WKH VSDWLDO H[WHQW RI
OLWKRORJLFDOXQLWVDFURVV WKHDUHDDQG OLQHV UHSUHVHQWLQJ
PDSSHGIDXOWV$IWHUFRPSLODWLRQRIWKHGDWDDOOVHWVKDYH
EHHQ KRPRJHQL]HG LQ D FRPPRQ Lambert Conformal 
ConicSURMHFWLRQRGF93GDWXPWRLQVXUHWKHSUHFLVLRQ
UHTXLUHGIRUVSDWLDOVWDWLVWLFVFDOFXODWLRQ
*HRORJLFDO ERXQGDULHV RI WKH OLWKRORJLFDO XQLWV DUH
H[WUDFWHG IURP WKHJHRORJLFDOPDSRI)UDQFH
$UqQH HW DO )ODJHROOHW HW DO +RWWLQ HW DO
Fig. 4a –,QRUGHUWRLOOXVWUDWHWKHKLVWRJUDPDQDO\VLVDV\QWKHWLFFDVHLVSUHVHQWHGFRUUHVSRQGLQJWRDJHRORJLFDOPDSZLWKWKHIRXUOLWKRORJLFDO
XQLWV$%&DQG'DVVRFLDWHGZLWKWKHGHSRVLWVSRLQWVVHWZKLWHVWDUVDQGIDXOWVVHW b –7KHRUHWLFDO1RUPDO'LVWULEXWLRQ1'REVHUYHGZKHQ
DQ\VSDWLDODQRPDO\LVKLJKOLJKWHGEHWZHHQGHSRVLWVDQGDQ\JHRORJLFDOREMHFWVOLWKRORJLFDOXQLWVIDXOWVc –)UHTXHQF\YDOXHRIGHSRVLWVUHODWLYH
WRWKHVXUIDFHDUHDRIHDFKOLWKRORJLFDOXQLW$1RUPDO'LVWULEXWLRQ1'LVREVHUYHGZKHQSHJPDWLWHVIUHTXHQF\YDOXHVDUHVLPLODUWRRUORZHU
WKDQWKHUHIHUHQFHGLVWULEXWLRQVHHJUH\EDUVDQGD+LJK$EQRUPDO'LVWULEXWLRQ+$'LVKLJKOLJKWHGZKHQWKHSHJPDWLWHVIUHTXHQF\YDOXHULVHV
DVWKHVXUIDFHDUHDRIOLWKRORJLFDOXQLWVGHFUHDVHV.
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$VGHVFULEHGDERYH WKHSHJPDWLWHVTXDVLH[FOX-
VLYHO\RFFXS\WKHȖDQGȖJUDQLWLFIDFLHVRIWKHFRP-
SOH[7KHȖJUDQLWLFIDFLHVFURSVRXWDWVHYHUDOVHSDUDWH
ORFDWLRQV LQ WKH 66*& ZKLOH WKH Ȗ JUDQLWLF IDFLHV LV
UHSUHVHQWHG E\ D VLQJOH SRO\JRQ )LJ E7KHVH XQLWV
FRUUHVSRQG WR DQ DUHD RI  NPð VXUIDFH LQWHJUDWHG LQ
WKDWFDVHDQGNPðUHVSHFWLYHO\)LJD±E
7KHIDXOWVVHWLVDOVRFRPSLOHGIURPWKH geological map 
RI)UDQFHWKHVDPHVKHHWVDVDERYH)RUHDFK
IDXOW DWWULEXWH LQIRUPDWLRQ LVJLYHQRQ LWVQDWXUH VWULNH
DQGUHIHUHQFHRIWKHGDWDVRXUFH7KLVIDXOWVVHWLVFRP-
SRVHGRIVHJPHQWVZKLFKUHSUHVHQWDWRWDOFXPXODWHG
OHQJWKRINP$QDO\VLVRIWKHIDXOWVWUHQGVKRZVFOHDU
SUHIHUUHGGLUHFWLRQVLQERWKWKH11(DQG6(TXDGUDQWV
ZLWKPXOWLPRGDOGLVWULEXWLRQV VHH URVHGLDJUDP LQ)LJ
 %HVW¿W GHFRPSRVLWLRQ RI WKH IUHTXHQF\ GLVWULEXWLRQ
KDVEHHQFRPSXWHGZLWK/RUHQW]LDQW\SHIXQFWLRQVDQGD
UDWKHU ORZEDVHOHYHOYDOXHRIZKLFKZRXOGUHS-
UHVHQWWKHQRLVHLQWKHVWULNHVRIWKHIDXOWVVHW7KHUHVW
RIWKHGLVWULEXWLRQFDQDOPRVWHQWLUHO\EHGHFRPSRVHGLQ
WKUHHIDXOWVVWULNHIDPLOLHV)LJLFODVVIDPLO\AIURP
1WR1LQFOXGLQJ1DVGLUHFWLRQDOGDWDDUHRI
FLUFXODUW\SHDQGDPD[LPXPDW1LLFODVVIDPLO\B 
IURP1WR1PD[1DQGLLLFODVVIDPLO\
CWKHPRVWUHSUHVHQWHGRQHIURP1WR1PD[
17KHVH GLUHFWLRQ IDPLOLHV DUH IXUWKHU WUHDWHG DV
WKUHHGLVWLQFWSRSXODWLRQVRI IDXOWV LQ VRPHRI WKHFRP-
SXWDWLRQV7KHIDXOWVWULNHVFRUUHVSRQGLQJWRWKH1(
WR 1(
 
UDQJH d GLVSOD\ FODVVHV ZLWK WKH IUHTXHQF\
YDOXHRIWKHFRPSXWHGEDVHOLQH7KHFRUUHVSRQG-
LQJIDXOWVDUHWKXVUHJDUGHGQRWWREHORQJWRDQ\SDUWLFXODU
IDPLO\RUWHFWRQLFHYHQWEXWWRWKHQRLVHOHYHORIWKHGDWD
VHW)DXOWVRIWKDWVWULNHUDQJHDUHWKXVQRWFRQVLGHUHGDV
DSDUWLFXODUFODVVIDPLO\LQWKHVWDWLVWLFDODQDO\VLV
,QWKLVVWXG\WZRW\SHVRIFRPSXWDWLRQPHWKRGVKDYH
EHHQXVHGWRH[WUDFWVWDWLVWLFDOSDUDPHWHUVGLVWDQFHEDVHG
(XFOLGHDQGLVWDQFHDQGGHQVLW\EDVHG.HUQHOHVWLPD-
tion; VHH6LOYHUPDQ$VGHWDLOHGEHORZIRXUVSDWLDO
VWDWLVWLFDOWHVWVDUHSHUIRUPHGDQGIUHTXHQF\DQDO\VHVDUH
DSSOLHGWRLWKHVKRUWHVWGLVWDQFHYDOXHEHWZHHQSHJPD-
WLWHVDQGIDXOWVLLWKHVKRUWHVWGLVWDQFHEHWZHHQHDFKW\SH
RISHJPDWLWHVDQGWKHKRVWLQJȖDQGȖJUDQLWLFIDFLHV
LLLWKHGLVWDQFHEHWZHHQSHJPDWLWHVDQGIDXOWV¶LQWHUVHF-
WLRQVDQGLYWKHIDXOWV¶VSDWLDOGHQVLW\
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4.3. Proximity analysis between pegmatites 
and fault-strike families 
4.3.1. All faults
$QDO\VLVRIWKHVKRUWHVWGLVWDQFHEHWZHHQSHJPDWLWHVDQG
IDXOWV)LJDVKRZVWKDWWKHSHJPDWLWHVIUHTXHQF\GLV-
WULEXWLRQH[WHQGVIURPWRPEODFNEDUVLQ)LJD
ZKHUHDVWKHUHIHUHQFHGLVWULEXWLRQH[WHQGVIURPWR
P JUH\ EDUV LQ )LJ D7KH ¿UVW >± P > GLVWDQFH
FODVV VKRZV WKDW WKH SHJPDWLWHV IUHTXHQF\ GLVSOD\V D
KLJKHUYDOXHWKDQWKHUHIHUHQFHRQH7KH
VDPSOHGSHJPDWLWHVGLVWULEXWLRQWRUHIHUHQFHGLVWULEXWLRQ
UDWLRLVWKXV 7KHUHE\WKHSHJPDWLWHVGLVWUL-
EXWLRQ LV D+$'XS WRP ,Q FRQWUDVW EH\RQG
PWKHSHJPDWLWHVIUHTXHQF\LV ORZHUWKDQWKHUHIHUHQFH
YDOXHDQGWKHSHJPDWLWHVGLVWULEXWLRQFDQEHFRQVLGHUHG
DVD1'7KLVUHVXOWKLJKOLJKWVWKDWSHJPDWLWHVDUHVWDWLV-
WLFDOO\JURXSHGDORQJ IDXOWVDQGDVDZKROH WKHVHPD\
KDYHDQDSSDUHQWFRQWURORQSHJPDWLWHVHPSODFHPHQWDW
D>±P>GLVWDQFH&RQVHTXHQWO\WRTXDQWLI\DQGIXU-
WKHUFRQVWUDLQWKHUHODWLYHFRQWURORIIDXOWVRQSHJPDWLWHV
HPSODFHPHQWWKHVDPHIUHTXHQF\DQDO\VLVRIWKHVKRUWHVW
GLVWDQFHEHWZHHQSHJPDWLWHVDQGIDXOWVLVXQGHUWDNHQZLWK
HDFKIDXOWWUHQGIDPLO\$%&
4.3.2. A-family faults
7KH SHJPDWLWHV GLVWULEXWLRQ H[WHQGV IURP  WR  P
DQG IURP  WR   P IRU WKH UHIHUHQFH GLVWULEXWLRQ
)LJ E7KH >± P >GLVWDQFH FODVV VKRZV WKDW WKH
SHJPDWLWHV IUHTXHQF\ GLVSOD\V D KLJKHU YDOXH  
WKDQWKHUHIHUHQFHIUHTXHQF\LQWKHVDPHGLVWDQFH
FODVVFRQVLGHUHG7KHVDPSOHG SHJPDWLWHVGLVWULEXWLRQWR
UHIHUHQFHGLVWULEXWLRQUDWLRVHTXDOWRDQGIRUWKH
>±P>DQG>±P>GLVWDQFHFODVVHVUHVSHFWLYHO\
7KHUHIRUH WKH SHJPDWLWHV GLVWULEXWLRQ FDQ EH UHJDUGHG
DVD+$'WREHUHSODFHGEH\RQGPE\D1' W\SH
6XFKIHDWXUHKLJKOLJKWVWKDW$IDXOWVKDYHDVWURQJDSSDU-
HQWFRQWURORQSHJPDWLWHVGLVWULEXWLRQXSWRP1RWH
WKDWD+$'LVREVHUYHGLQGLVWDQFHFODVVHV>±
P>>±P>>±P>ZLWKSHJPDWLWHV
GLVWULEXWLRQWRUHIHUHQFHGLVWULEXWLRQUDWLRVRIDQG
UHVSHFWLYHO\+RZHYHUWKHIUHTXHQF\YDOXHVDUHYHU\
ORZWRDQGWKHUDWLRVDUHRIOLWWOHVLJQL¿FDQFH
4.3.3. B-family faults
7KH SHJPDWLWHV GLVWULEXWLRQ H[WHQGV IURP  WR  P
DQG IURP  WR  P IURP WKH UHIHUHQFH GLVWULEXWLRQ
)LJ F7KH >±P >GLVWDQFH FODVV VKRZV WKDW WKH
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SHJPDWLWHV IUHTXHQF\ YDOXH   LV KLJKHU WKDQ WKH
UHIHUHQFH RQH  7KH SHJPDWLWHV GLVWULEXWLRQ WR
WKH UHIHUHQFHGLVWULEXWLRQ UDWLR LVYHU\KLJK  DQG
WKXVWKHSHJPDWLWHVGLVWULEXWLRQFDQEHFRQVLGHUHGDVD
+$'$JDLQ WKLV KLJKOLJKWV WKDW %IDXOWV KDYH DQ DS-
SDUHQWFRQWURORQWKHSHJPDWLWHV ORFDWLRQLQ WKH>±
P >GLVWDQFH FODVV7KHQ LQ WKH >± P >GLVWDQFH
UDQJH SHJPDWLWHV IROORZ D 1' 7KHVH UHVXOWV FRQ¿UP
WKDW%IDXOWVKDYHDQDSSDUHQWFRQWURORQWKHSHJPDWLWHV
ORFDWLRQRQO\LQWKH>±P>GLVWDQFHFODVV1RWHWKDW
WZRGLVWDQFHFODVVHV>±P>DQG>±P
>VKRZWKDWSHJPDWLWHVIROORZD+$'ZLWKUDWLRVRI
DQGUHVSHFWLYHO\VXFKIHDWXUHZLOOEHGLVFXVVHGODWHU
4.3.4. C-family faults
)LQDOO\ WKH SHJPDWLWHV GLVWULEXWLRQ H[WHQGV IURP  WR
 P ZKHUHDV WKH UHIHUHQFH GLVWULEXWLRQ LV EURDGHU
IURPWRP)LJG7KH>±P>GLVWDQFHFODVV
VKRZV WKDW WKH SHJPDWLWHV IUHTXHQF\ YDOXH   LV
KLJKHUWKDQWKHUHIHUHQFHIUHTXHQF\7KHUDWLRRI
WKHVHWZRGLVWULEXWLRQVLVRIDQGVRWKHSHJPDWLWHVGLV-
WULEXWLRQFDQEHUHJDUGHGDVD+$'7KLVKLJKOLJKWVDWWKH
VKRUWHVWGLVWDQFH WKDW&IDXOWVKDYHDQDSSDUHQWFRQWURO
RQ WKHSHJPDWLWHV¶ ORFDWLRQ%H\RQGPSHJPDWLWHV
IROORZD/$'LQWKH>±P>DQG>±P
>GLVWDQFHFODVVHVZLWKUDWLRVRIDQGUHVSHFWLYHO\
$W ODUJHU GLVWDQFH IURP &IDXOWV LQ WKH >± P
>GLVWDQFH UDQJH SHJPDWLWHV GLVSOD\ DQ +$' ZLWK GLV-
WULEXWLRQV¶UDWLRVRIDQGUHVSHFWLYHO\$JDLQWKH
FRUUHVSRQGLQJIUHTXHQF\YDOXHVDUHQRWPRUH WKDQ
DQGWKHUDWLRVDUHWKXVRIOLWWOHVLJQL¿FDQFH
$V D ZKROH WKH SHJPDWLWHV GLVWULEXWLRQ LV VSDWLDOO\
FRQWUROOHGE\WKH$IDPLO\IDXOWVRULHQWHGLQWKH1(±
1(WUHQGFODVV,QGHHGRISHJPDWLWHVVHWDUH
VSDFHG OHVV WKDQ  P IURP DQ$IDXOW 1HYHUWKHOHVV
VRPH SHJPDWLWH RFFXUUHQFHV DUH VSDWLDOO\ UHODWHG WR
% DQG &IDXOWV ZKHQ WKH GLVWDQFH LQFUHDVHV EHWZHHQ
>±P>GLVWDQFHUDQJHDQGEH\RQGP
4.4. Spatial relationships between pegmatites 
and spatial density of faults 
,QWKLVVHFRQGSDUWZHIRFXVRQWKHIUHTXHQF\DQDO\VLVRI
WKHPHDVXUHGVSDWLDOGHQVLW\RIIDXOWVZLWKUHJDUGWRWKHGHQ-
VLWLHVDWSHJPDWLWHVORFDWLRQ7KHVDPHGHVFULSWLYHDSSURDFK
LVIROORZHGWRKLJKOLJKWDQRPDORXVGLVWULEXWLRQV)LJ
4.4.1. All fault families
The SHJPDWLWHV VDPSOHG GLVWULEXWLRQ GHQVLW\ LV ±
QXPEHURIIDXOWVSHUNPðDQGIURPWRIRUWKH UHIHU-
HQFHGLVWULEXWLRQ)LJH1RWHWKDWQRSHJPDWLWHLVORFDW-
HGLQDQDUHDWRWDOO\GHYRLGRIIDXOWV,QWKH>±>GHQVLW\
UDQJH WKH SHJPDWLWHVIUHTXHQF\YDOXHVDUHDOOVLPLODURU
ORZHU WKDQ WKH UHIHUHQFH IUHTXHQF\ YDOXHV +RZHYHU LQ
WKH>±>GHQVLW\FODVVWKHSHJPDWLWHVIUHTXHQF\LVPXFK
KLJKHUWKDQWKHUHIHUHQFHYDOXHLQWKHVDPHGHQVLW\FODVV
7KHUDWLRRIWKHWZRGLVWULEXWLRQVLV7KHUHE\WKHSHJ-
PDWLWHVGLVWULEXWLRQFDQEHUHJDUGHGDVD+$'7KHVDPH
SDWWHUQLVREVHUYHGLQWKUHHRWKHUGHQVLW\FODVVHV>±>
>±>DQG >±>ZLWK GLVWULEXWLRQV¶ UDWLRV RI  
DQGUHVSHFWLYHO\7KLVUHVXOWKLJKOLJKWVWKDWWKHGHQVLW\
RIIDXOWVKDVDQDSSDUHQWFRQWURORQWKHSHJPDWLWHORFDWLRQ
$JDLQLQRUGHUWRTXDQWLI\DQGFRQVWUDLQWKHUHODWLYH
FRQWURORIIDXOWV¶GHQVLW\IRUGLIIHUHQWGLUHFWLRQIDPLOLHV
VHH DERYH RQ SHJPDWLWHV HPSODFHPHQW WKH VDPH IUH-
TXHQF\DQDO\VLVRIWKHIDXOWVGHQVLW\HVWLPDWLRQDWSHJPD-
WLWHVORFDWLRQLVFDUULHGRXWZLWKHDFKIDXOWWUHQGIDPLO\
4.4.2. A-family faults
7KHGLVWULEXWLRQRI WKHVDPSOHGSHJPDWLWHVGLVWULEXWLRQ
DQGWKHUHIHUHQFHRQHERWKH[WHQGIURPWR)LJI
,Q WKH >±>GHQVLW\ UDQJH WKHSHJPDWLWHV IUHTXHQFLHV
DUHDOOVLPLODUWRRUORZHUWKDQWKHUHIHUHQFHYDOXHVDQG
WKHVDPSOHGSHJPDWLWHVGLVWULEXWLRQFDQWKXVEHUHJDUGHG
DV D 1' +RZHYHU EH\RQG  GHQVLW\ DOO SHJPDWLWHV
IUHTXHQFLHV DUH KLJKHU WKDQ WKH UHIHUHQFH YDOXHV 7KH
SHJPDWLWHV GLVWULEXWLRQ WR UHIHUHQFH GLVWULEXWLRQ UDWLR
UDQJHVIURPLQWKH>±>GHQVLW\FODVVWRLQWKH
>±>LQWHUYDO7KXVSHJPDWLWHVIROORZDFOHDU+$'
7KLVKLJKOLJKWVWKDWWKH$IDXOWV¶GHQVLW\KDVDQDSSDUHQW
FRQWURORQWKHSHJPDWLWHVORFDWLRQ
4.4.3. B-family faults
The SHJPDWLWHVGLVWULEXWLRQLVQDUURZHU±WKDQWKH
UHIHUHQFH GLVWULEXWLRQ ZLWK D PD[LPXP GHQVLW\ RI 
)LJJ$WWKHORZHVWGHQVLWLHV>±>WKHSHJPDWLWHV
IUHTXHQFLHV DUH VLPLODU WR RU ORZHU WKDQ WKH UHIHUHQFH
YDOXHYV+RZHYHULQWKH>±>DQG>±>
GHQVLW\FODVVHV WKHGLVWULEXWLRQUDWLRVDUHDQG
UHVSHFWLYHO\7KHUHE\WKHSHJPDWLWHVGLVWULEXWLRQFDQEH
UHJDUGHG DV D +$' DQG WKLV FRQ¿UPV WKDW WKH %IDXOWV
GHQVLW\KDVDQDSSDUHQWFRQWURORQWKHSHJPDWLWHORFDWLRQV
+RZHYHU QRWH WKDW RQO\   RI SHJPDWLWHV DUH
VSDWLDOO\ UHODWHG WR WKH KLJKHVW % IDXOW GHQVLW\ 6R WKH
%IDXOWVGHQVLW\LVQRWDPDMRUIDFWRULQFRQWUDVWWRWKH
$IDXOWVRQHLHRISHJPDWLWHVVSDWLDOO\UHODWHGWR
WKHKLJKHVW$IDXOWVGHQVLWLHV
4.4.4. C-family faults
The SHJPDWLWHV IUHTXHQF\ GLVWULEXWLRQ LV QDUURZHU
± WKDQ WKH UHIHUHQFH RQH ZLWK D PD[LPXP GHQ-
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VLW\ RI  )LJ K ,Q WKH >±>GHQVLW\ UDQJH WKH
pegmatite IUHTXHQFLHV DUH VLPLODU WR RU ORZHU WKDQ
WKHUHIHUHQFH YDOXHV7KXVWKHSHJPDWLWHVIROORZD1'
FKDUDFWHUL]HG E\ GLVWULEXWLRQ UDWLRV RI ± +RZ-
HYHULQWKH>±>GHQVLW\FODVVSHJPDWLWHVIUHTXHQF\
YDOXHVDUHKLJKHU WKDQWKHUHIHUHQFHRQHV
7KHSHJPDWLWHVGLVWULEXWLRQWRUHIHUHQFHGLVWULEXWLRQ
UDWLRVDUHDOOKLJKHUWKDQIRUDPD[LPXPRILQ
WKH >±>GHQVLW\ FODVV 7KLV GHPRQVWUDWHV WKDW WKH
SHJPDWLWHVIROORZD+$'DQGWKDWWKH&IDXOWVGHQVLW\
KDV DQ DSSDUHQW FRQWURO RQ WKH SHJPDWLWHV ORFDWLRQV
6RPH   RI SHJPDWLWHV DUH ORFDWHG LQ GRPDLQV RI
KLJK &IDXOWV GHQVLW\ ZKLFK UHSUHVHQW D ORZHU VXUIDFH
WKDQGRPDLQVRI ORZ&IDXOWVGHQVLW\FRQWDLQLQJ
RIWKHSHJPDWLWHV
,Q FRQFOXVLRQ WKH ORFDWLRQ RI WKH SHJPDWLWH ERG-
LHVVHHPVPDLQO\FRQWUROOHGE\]RQHVRIKLJK$IDXOWV
GHQVLW\+RZHYHUDQGRIWKHPDUHVSDWLDOO\
DVVRFLDWHG ZLWK WKH KLJKHVW % DQG &IDXOWV GHQVLWLHV
UHVSHFWLYHO\ )LJ J±K 7KHVH UHVXOWV DUH FRQVLVWHQW
ZLWK WKH SUHYLRXV VSDWLDO SUR[LPLW\ DQDO\VLV EHWZHHQ
WKH SHJPDWLWHV DQG$ % DQG & IDXOW IDPLOLHV ,W LV
DOVR UHDVRQDEOH WR DVVXPH WKDW ]RQHV RI LQWHUVHFWLRQV
RI VHYHUDO IDXOWV RI WKHVH W\SHV DUH PRUH IDYRUDEOH WR
KRVW SHJPDWLWHV WKDQ WKH UHJLRQV ZLWK RQO\ LVRODWHG
VWUXFWXUHV
4.5. Spatial relationships between pegmatites 
and fault- intersection points
+HUH WKH DVVRFLDWLRQ RI WKH VKRUWHVW PHDVXUHG GLVWDQFH
EHWZHHQ IDXOWV LQWHUVHFWLRQV DQG SHJPDWLWH RFFXUUHQFH
LVWHVWHG)LJL6XFKDVWDWLVWLFDOWHVWDOORZVIRFXVLQJ
RQWKHUROHRIWKHKLJKO\IUDFWXUHG]RQHVZKHUHGLIIHUHQW
IDXOWVHWV±ZKLFKSRVVLEO\GHYHORSHGDWGLIIHUHQWSHULRGV
±LQWHUVHFW
7KH VDPSOHG SHJPDWLWHV DQG UHIHUHQFH GLVWULEXWLRQV
H[WHQGIURPWRPDQGWRPUHVSHFWLYHO\
7KH >± P >GLVWDQFH UDQJH VKRZV WKDW WKH SHJ-
PDWLWHV IUHTXHQF\ YDOXHV DUH KLJKHU   WKDQ WKH
UHIHUHQFHRQHV7KHGLVWULEXWLRQV¶UDWLRVDUH
DQGIRUWKH>±P>DQG>±P>GHQVLW\
FODVVHVUHVSHFWLYHO\7KXVWKHSHJPDWLWHVIROORZD+$'
6LPLODU GLVWULEXWLRQV DUH REVHUYHG DW ODUJHU GLVWDQFHV
>± P >DQG >± P >GLVWDQFH FODVVHV
EHWZHHQSHJPDWLWHVDQGIDXOWV LQWHUVHFWLRQVEXW WRRIDU
WR EH LQWHUSUHWHG DV D FDXVDO OLQN +RZHYHU WKH +$'
REVHUYHGFORVHUFDQEHUHJDUGHGDVDQDSSDUHQWFRQWURORI
IDXOWVLQWHUVHFWLRQVRQWKHSHJPDWLWHVHPSODFHPHQW)RO-
ORZLQJWKH¿UVWRUGHUUHVXOWVGHWDLOHGDERYHZHVXJJHVW
WKDW WKH SHJPDWLWHV HPSODFHPHQW LV ³SRWHQWLDOO\´ LH
DQ\SHJPDWLWHRFFXUUHQFHVUHFRJQL]HGRQ WKH>±P
>GLVWDQFHFODVVFRQWUROOHGE\$DQG&IDXOWV¶ LQWHUVHF-
WLRQSRLQWV
4.6. Spatial relationships between pegmatite 
types and ǲ2–ǲ3 granitic facies
,Q RUGHU WR JHW LQIRUPDWLRQ RQ WKH VSDWLDO DVVRFLDWLRQ
EHWZHHQSHJPDWLWHVDQGVRPHSDUWLFXODUOLWKRORJLHVWKH
VKRUWHUGLVWDQFHRISRLQWVSHJPDWLWHVIURPFHUWDLQSRO\-
JRQVVHOHFWHGOLWKRORJLHVLVVWXGLHG,QWKLVVHFWLRQZH
IRFXVRQWKHIUHTXHQF\DQDO\VLVRIWKHVKRUWHVWGLVWDQFH
PHDVXUHG EHWZHHQ Ȗ DQG Ȗ JUDQLWLF XQLWV DQG RFFXU-
UHQFHVHDFKRIWKHSHJPDWLWHW\SHV)LJ
4.6.1. Distance from the ǲ2 (Fanay granite) 
K-type pegmatites GLVWULEXWLRQH[WHQGVIURPWR
PZKHUHDVWKHUHIHUHQFHGLVWULEXWLRQLVPRUHH[WHQVLYH
IURP  WR  P )LJ D )URP WKH >± P
>P>GLVWDQFHFODVVSHJPDWLWH IUHTXHQF\YDOXHVDUH
DOOKLJKHUWKDQWKHUHIHUHQFHRQHV7KHWZRGLVWULEXWLRQV
UDWLRVDUHDOO6RRI.W\SHSHJPDWLWHVIROORZ
D +$' LQ WKH >± P >GLVWDQFH UDQJH +RZHYHU
QRWHWKDWRQO\RISHJPDWLWHVDUHORFDWHGDWDGLVWDQFH
OHVVWKDQPIURPWKHȖJUDQLWLFXQLW6RWKLVVKRZV
WKDW WKHȖJUDQLWLFXQLWKDVDQDSSDUHQW FRQWURORQ WKH
.W\SHSHJPDWLWHVORFDWLRQVEXWQRSHJPDWLWHLVORFDWHG
LQVLGHWKHȖLQWUXVLRQ
SK-type pegmatites GLVWULEXWLRQH[WHQGVXSWRP
ZKHUHDVWKHUHIHUHQFHGLVWULEXWLRQUHDFKHVXSWR
P)LJE6.W\SHSHJPDWLWHVFOHDUO\IROORZD +$'
7KLV GLVWULEXWLRQ LV FKDUDFWHUL]HG E\   RI S.W\SH
SHJPDWLWHVORFDWHGLQWKH>±P>GLVWDQFHUDQJH
7KLVKLJKOLJKWVWKDWWKHȖJUDQLWLFXQLWKDVDQDSSDUHQW
FRQWURO RQ WKH 6.W\SH SHJPDWLWHV ORFDWLRQV DQG WKDW
WKHVHDUHFORVHURISHJPDWLWHVLQWKH>±P
>GLVWDQFHFODVVWRȖ)DQD\JUDQLWHWKDQ.W\SHSHJPD-
WLWHVDUH RISHJPDWLWHVLQWKHVDPHGLVWDQFHUDQJH
SK-L type pegmatitesGLVWULEXWLRQH[WHQGVXSWR
P DQG WKH UHIHUHQFH GLVWULEXWLRQ XS WR  P )LJ
F$OO SHJPDWLWHV IUHTXHQFLHV H[FHHG WKH UHIHUHQFH
YDOXHVDQGVKRZWKDWSHJPDWLWHVIROORZD+$'1RWHWKDW
PXFKRIWKHSHJPDWLWHVLVORFDWHGLQWKH>±
P>GLVWDQFHFODVV7KXVRI6./W\SHSHJPDWLWHV
DUHORFDWHGFORVHUWKDQPIURPWKHȖ)DQD\JUDQLWH
7KLVIUHTXHQF\YDOXHULVHVWRLQWKH>±P
>GLVWDQFHFODVV1RWHWKDWWKLVIUHTXHQF\YDOXHLVVLPLODU
WR WKH 6. SHJPDWLWHV RQH   LQ WKH VDPH GLVWDQFH
UDQJH
SL-type pegmatites DUHDOOORFDWHGZLWKLQ>±
P>)LJG+HUHDJDLQWKHSHJPDWLWHVGLVWULEXWLRQLV
KLJKO\DEQRUPDO+$'DQGWKLVVXJJHVWVWKDWWKHȖ)D-
QD\JUDQLWHDSSDUHQWE\FRQWUROVWKH6/W\SHSHJPDWLWHV
ORFDWLRQV
,QFRQFOXVLRQWKHGLVWULEXWLRQVRI6.6./DQG6/
W\SHSHJPDWLWHVDUHOLPLWHGWRDGLVWDQFHUDQJHVIURP
WRNP7KH.W\SHSHJPDWLWHVDUHWKHRQO\RQHVWR
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EHORFDWHGIXUWKHUWKDQNPXSWRNPIURPWKH
ȖJUDQLWH7KHUHE\DOO SHJPDWLWHV W\SHVRYHUODS LQ WKH
VDPHGLVWDQFHUDQJHIURPȖJUDQLWHGLVWDQFHVEHWZHHQ
Ȗ JUDQLWH DQG WKH OHDVW GLIIHUHQWLDWHG SHJPDWLWHV DQG
WKRVHPRUHIUDFWLRQDWHGPD\EHVLPLODU7KHPRUHIUDF-
WLRQDWHGSHJPDWLWHW\SHVLH6./DQG6/DUHQRWWKH
PRVWUHPRWHRQHVIURPWKHȖJUDQLWH
4.6.2. Distance from the ǲ3 (Les Sagnes  
granite) unit
K-type pegmatites GLVWULEXWLRQ LV YHU\ EURDG ± NP
DQG ± NP IRU WKH UHIHUHQFH GLVWULEXWLRQ )LJ H
,Q FRQWUDVW WR )LJ D DQ\ .W\SH SHJPDWLWH LV ORFDWHG
OHVV WKDQ  NP IURP WKH Ȗ /HV 6DJQHV JUDQLWH 7KH
KLJKHVWSHJPDWLWHIUHTXHQF\LVREVHUYHGLQWKH
>±P>GLVWDQFHFODVV
SK-type pegmatites GLVWULEXWLRQ UDQJHV IURP  WR 
NP DQG IURP  WR  NP IRU WKH UHIHUHQFH GLVWULEXWLRQ
)LJI$VZHFDQREVHUYHLQ)LJHQR pegmatite is 
ORFDWHGDWDGLVWDQFHOHVVWKDQNPIURPȖ/HV6DJQHV
JUDQLWH 0RUHRYHU WKH KLJKHVW SHJPDWLWH IUHTXHQF\
LVREVHUYHGLQWKH>±P>GLVWDQFHFODVV
SK-L type pegmatites GLVWULEXWLRQ LV WKH VDPHDV WKH
6.W\SH SHJPDWLWHV GLVWULEXWLRQ )LJ J DQG H[WHQG-
LQJ IURP  WR  NP7KH SHJPDWLWHV DUH WKH PRVW IUH-
TXHQW   LQ WZR GLVWDQFH FODVVHV >± NP >DQG
>±NP>
SL-type pegmatite DUH ORFDWHG H[FOXVLYHO\ DW D GLV-
WDQFH±NPIURPWKHȖ/HV6DJQHVJUDQLWH)LJK
7KHUHE\WKH6/W\SHSHJPDWLWHVDUHWKHVSDWLDOO\FORVHVW
WRWKHȖJUDQLWHZKHUHDVWKH.W\SHSHJPDWLWHVDUHWKH
IXUWKHVW
)ROORZLQJWKHPRGHORI/RQGRQWKH\RXQJHVW
Ȗ LQWUXVLRQFDQQRWEHSDUHQWDO WR WKH.6.DQG6./
SHJPDWLWHW\SHV6/W\SHSHJPDWLWHV FRXOGEHSRWHQWLDOO\
GHULYHGIURPȖLQWUXVLRQEXWQRWKLQJH[SODLQVWKHODFNRI
LQWHUPHGLDWHSHJPDWLWHW\SHVDQGWKH¿UVWRFFXUUHQFHRI
6/W\SH SHJPDWLWHVDW±NPIURPJUDQLWLFLQWUXVLRQ
5. Cluster mapping
)ROORZLQJ WKH SHJPDWLWHV VSDWLDO GLVWULEXWLRQ DQDO\VLV
JLYHQDERYHFOXVWHUVPDSSLQJKDVEHHQSHUIRUPHGIURP
WKHSHJPDWLWHSRLQWVVHWLQRUGHUWRLKLJKOLJKWWKH]RQHV
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RISDUWLFXODUJURXSLQJRIWKHRFFXUUHQFHVDQGLLTXDQWLI\
DQ\SUHIHUHQWLDODOLJQPHQWGLUHFWLRQRI WKHSRLQWVZLWK
WKHFRUUHVSRQGLQJ³DQLVRWURS\´YDOXH)LJ6XFKPDS-
SLQJFRXOGWKXVKHOSSRLQWLQJRXWWKHVSDWLDODVVRFLDWLRQV
DQG SRWHQWLDO FRPPRQ WUHQGV ZLWK WKH VWUXFWXUHV7KLV
PHWKRGKDVEHHQDSSOLHGIRUDXWRPDWHGDQDO\VLVRIVSDWLDO
GLVWULEXWLRQRIVHLVPLFHYHQWVDQGGHWDLOVRQWKHDOJRULWKP
ZHUHDOVRJLYHQLQ$OODQLFDQG*XPLDX[,QEULHI
FRPSXWDWLRQRIDKLHUDUFKLFDOFODVVL¿FDWLRQRIWKH'11
ZDVPDGHIURPWKHSHJPDWLWHVSRLQWVHW7KHQVHSDUDWLRQ
RIWKHVHWLQWRJURXSV)LJEZDVEDVHGRQWKHGHWHU-
PLQDWLRQRIWKHPD[LPXPUHIHUHQFHGLVWDQFH05'LH
FOXVWHULQJGLVWDQFHLHWZRSHJPDWLWHSRLQWVVHSDUDWHG
E\WKLV05'EHORQJWRWKHVDPHJURXS/DVWO\DVWDQGDUG
GHYLDWLRQDO HOOLSVH FHQWHUHG RQ WKH EDU\FHQWHU RI HDFK
FOXVWHULVFRPSXWHG7KHDQJOHRIVWULNHRILWVORQJD[LV
JLYHVWKHGLUHFWLRQRIWKHSRLQWV¶DOLJQPHQW)LJD
,Q WKH FDVH RI WKH 0RQWV G¶$PED]DF SHJPDWLWHV
ILHOGWZR05'YDOXHVDQGKDYHEHHQWHVW-
HGIROORZLQJWKHSUHOLPLQDU\DQDO\VLVRIWKHSHJPDWLWHV
GLVWULEXWLRQ LQ 6HFWLRQ $OO WKH VWDWLVWLFV FRPLQJ
IURPWKLVFOXVWHUDQDO\VLVDUHFRPSLOHGLQ7DE)LUVW
D 05' YDOXH RI  P ZDV XVHG IRU DOO SHJPDWLWH
W\SHV7KUHHFOXVWHUVZHUHFRPSXWHGZLWKRQHFOXVWHU
JURXS,' UHSUHVHQWLQJSHJPDWLWHSRLQWVRYHU
7KLVFOXVWHULVFKDUDFWHUL]HGE\DQDYHUDJH'11
RIP ,WV WUHQG LVZKLFKEHORQJV WR WKH$
IDXOWWUHQGFODVV7KH05'YDOXHRIPZDVXVHG
IRU HDFK SHJPDWLWH W\SH 7KH .W\SH SHJPDWLWHV DUH
JURXSHGLQWRFOXVWHUV)RXUFOXVWHUVLH*URXS,' 
DQGSUHVHQWWKHVDPHDYHUDJHWUHQGDV$DQG
&IDXOWWUHQGFODVVHV&OXVWHUVFKDUDFWHUL]HGE\JURXS
,'DQGDUH WKHPRVW UHSUHVHQWDWLYHRI WKH.W\SH
SHJPDWLWHGLVWULEXWLRQZLWKDQGSHJPDWLWHSRLQWV
UHVSHFWLYHO\7KHVH WZRFOXVWHUV DUHRULHQWHGa1
DQG a1 7KH 6.W\SH SHJPDWLWH GLVWULEXWLRQ LV
GHILQHGE\DQDYHUDJH'11RIPDQGE\RQO\RQH
FOXVWHURULHQWHG17KLVFOXVWHUEHORQJVWRWKH%
IDXOWWUHQGFODVV7KH6./W\SHSHJPDWLWHGLVWULEXWLRQ
LVGHILQHGE\DQDYHUDJH'11RIPDVZHOODQG
E\RQO\RQHFOXVWHURULHQWHG LQ WKH VDPHGLUHFWLRQDV
$IDXOW WUHQG FODVV 1 &RQVHTXHQWO\ ZH LQIHU
WKDWWKHFOXVWHUVWUHQGRI.DQG6./SHJPDWLWHVHWVLV
SDUDOOHO WR WKH$IDXOW WUHQG FODVV7KLV UHVXOW LV DOVR
REVHUYHGRQODUJHVFDOHFOXVWHULQJGLVWDQFH P
ZLWKDOOFRQVLGHUHGSHJPDWLWH W\SHV)LQDOO\6/W\SH
SHJPDWLWHV DUH JDWKHUHG LQ WKH VDPH FOXVWHU RULHQWHG
17KLV WUHQG GRHV QRW FRUUHVSRQG WR DQ\ RI WKH
UHFRJQL]HG IDXOW IDPLOLHV 7KXV ZH VXJJHVW WKDW WKH
JHQHVLV DQG HPSODFHPHQW PRGH RI WKH 6/W\SH SHJ-
PDWLWHVDUHGLIIHUHQW IURPWKRVHRI OHVVGLIIHUHQWLDWHG
.$IDXOWWUHQGFODVV6.%IDXOWWUHQGFODVVDQG
6./$IDXOWWUHQGFODVVW\SHV
6. Summary and interpretations 
)RXUJURXSVRISHJPDWLWHVGH¿QHGDV.EHU\O±FROXPELWH
VXEW\SH6.EHU\O±FROXPELWHWREHU\O±FROXPELWH±SKRV-
SKDWHV VXEW\SHV 6./ EHU\O±FROXPELWH±SKRVSKDWHV
VXEW\SHDQG6/OHSLGROLWHVXEW\SHW\SHVZHUHHPSODFHG
ZLWKLQWKH66*&2QO\VRPHSHJPDWLWHVRI6/W\SHDUH
ORFDWHG LQ FRXQWU\ URFNV RI WKH 66*& RII LWV VRXWKHUQ
HGJH,QDPDSYLHZSHJPDWLWHVWKDWFRPSRVHWKHZKROH
¿HOGDSSHDUDVFOXVWHUHGZKLFK LVDYHU\FRPPRQIHD-
WXUH RI PRVW SHJPDWLWH ¿HOGV ZRUOGZLGH 6XFK IHDWXUH
LVGHPRQVWUDWHGWKURXJKRXWWKHSUHVHQWVWDWLVWLFDOVWXG\
'LVWDQFH WR 1HDUHVW 1HLJKERU DQDO\VLV DYHUDJH '11
   P DQG 5 UDWLR    DQG 5LSOH\¶V /¶IXQFWLRQ
FRPSXWDWLRQVGLVFORVHDSURPLQHQWFOXVWHULQJGLVWULEXWLRQ
RISHJPDWLWHV IRU D05'XS WRP$SDUWLFXODUO\
KLJKFOXVWHULQJUDWHLVLGHQWL¿HGIURPWRP7HQ
SHJPDWLWHFOXVWHUVDUHGH¿QHGIRUD05'¿[HGDW
P 7DE $OWRJHWKHU WKHVH UHVXOWV GHPRQVWUDWH WKDW
SHJPDWLWHVDUHKLJKO\FOXVWHUHGDQGWKDWFOXVWHULQJRFFXUV
RQDOOVFDOHVXSWRP
:H DOVR DQDO\]HG WKH VKDSH DQG VSDWLDO WUHQG RI WKH
FOXVWHUV ZLWK UHVSHFW WR WKH IDXOW WUHQGV 7DE  )RXU
FOXVWHUVUHSUHVHQWLQJRIDOOSHJPDWLWHVGLVSOD\D
VLPLODU WUHQGDV$IDXOW IDPLO\ 1(ZKHUHDV IRXU
FOXVWHUV UHSUHVHQWLQJ RQO\   RI DOO SHJPDWLWHV
SUHVHQWDVLPLODUWUHQGDV%DQG&IDXOWIDPLOLHV6RPH
  RI SHJPDWLWHV DUH LVRODWHG SRLQWV RU EHORQJ WR
FOXVWHUV ZLWK HOOLSVH VKDSH UDWLR OHVV WKDQ RU HTXDO WR
XQLW\7KHUHPDLQLQJDUHJURXSHGLQDVLQJOH6/
W\SHSHJPDWLWHFOXVWHU)RUD05'¿[HGDWPRQO\
WKUHHSHJPDWLWHFOXVWHUVDUHFRPSXWHG$PRQJWKHPWKH
JURXS,'7DEZKLFKLQFOXGHVPRVWSRLQWVLH
RIDOOSHJPDWLWHVLVSDUDOOHO1(WRWKH$
IDXOWIDPLO\7KLVVKRZVWKDWRQDOOVFDOHVWKHSHJPDWLWHV
VHW GLVWULEXWLRQ LV FOXVWHUHG DQG PDLQO\ RULHQWHG LQ WKH
$IDXOWVWUHQG
7KH VSDWLDO VWDWLVWLFDO DQDO\VLV VKRZV WKDWRI
WKH SHJPDWLWHV RFFXU DW OHVV WKDQ  P IURP DQ$
W\SHIDXOWLH>1(±1(>UDQJH)LJE7KLV
UHVXOWLVFRQILUPHGE\WKHVSDWLDOFRUUHODWLRQEHWZHHQ
WKH SHJPDWLWHV RFFXUUHQFHV   DQG WKH KLJKHVW
IDXOWGHQVLWLHV)LJI0RUHRYHUWKLVIDXOWVULFK]RQH
Ö
Fig. 8a – &OXVWHUV¶ VSDWLDO H[WHQW DQG WUHQG FRPSXWHG LQ WKH ZKROH
66*&IRUHDFKRIWKHSHJPDWLWHW\SHV.6.6./DQG6/1XPEHU
LQ SDUHQWKHVHV FRUUHVSRQGV WR WKH SHJPDWLWH SRLQWV LQFOXGHG LQ HDFK
VWDQGDUGGHYLDWLRQDOHOOLSVH$UURZVDUHFHQWHUHGRQWKHEDU\FHQWHURI
HDFKHOOLSVHDQGJLYHWKHGLUHFWLRQRIWKHSHJPDWLWHSRLQWV¶DOLJQPHQW
$OODQLFDQG*XPLDX[ b –3HJPDWLWHSRLQWV¶FOXVWHUVGLVWULEXWLRQ
FRPSXWHGLQWKH0RQWVG¶$PED]DFSHJPDWLWH¿HOGIRUDOOWKHSHJPDWLWH
W\SHV1XPEHUVLQSDUHQWKHVHVFRUUHVSRQGWRWKHSHJPDWLWHSRLQWVLQ-
FOXGHGLQHDFKJURXS,'DFFRUGLQJWRWKHFOXVWHULQJGLVWDQFHVRI
P7KHVL]HRIHDFKDUURZLVSURSRUWLRQDOWRWKHQXPEHURISHJPDWLWH
SRLQWV6HHWH[WIRUGHWDLOV
Spatial statistical analysis applied to LCT-type pegmatite field
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IRUPVDEDQGVXSHULPSRVHGLQWKHVKHDUHGFRUULGRULQ
WKH FHQWUDO SDUW RI WKH 66*& )LJ D 7KH DYHUDJH
1$IDXOW GLUHFWLRQ LV DOPRVW SDUDOOHO ZLWK WKLV
FRUULGRU )LJ D±E 7R FRQFOXGH UHVXOWV IURP WKLV
VWXG\LPSO\LDSUHIHUUHGVSDWLDODVVRFLDWLRQEHWZHHQ
SHJPDWLWHV DQG$IDPLO\ IDXOWV LL D FRUUHODWLRQ RI
SHJPDWLWHV ZLWK WKH KLJKHVW$IDPLO\ IDXOWV GHQVLW\
DQGLLLDSDUDOOHOLVPEHWZHHQ$IDXOWVDQGSHJPDWLWH
FOXVWHUV WUHQGV7KXV D FOHDU VSDWLDO UHODWLRQVKLS EH-
WZHHQ SHJPDWLWHV DQG$IDPLO\ IDXOWV LV FRQILUPHG
2ULHQWDWLRQVRIWKHSHJPDWLWHVDUHFRQVLVWHQWZLWKWKHVH
UHVXOWV)LJ
:HDNOLQNVEHWZHHQ&DQG%IDPLO\IDXOWVDQGSHJ-
PDWLWHV DUH REVHUYHG LQ WKH UDQJHV ± P DQG
± P UHVSHFWLYHO\ +RZHYHU WKH FRQWURO RI
% DQG &IDXOWV RQ WKH ORFDWLRQ RI WKH SHJPDWLWHV KDV
EHHQ SUHYLRXVO\ GH¿QHG DV PLQRU   DQG  
DVVRFLDWHG UHVSHFWLYHO\ FRPSDUHG WR$IDXOWV 7KXV
ZH VXJJHVW WKDW WKH HPSODFHPHQW RI SHJPDWLWHV DORQJ
%DQG&IDXOWVWUHQGLVSRVVLEOHEXWWKHPRVWIDYRUDEOH
FRQ¿JXUDWLRQ WR ORFDOL]HSHJPDWLWHV LV WKH FRPELQDWLRQ
RIWKHWZRSDUDPHWHUVKLJKGHQVLW\RI%RU&IDXOWVDQG
WKH SUR[LPLW\ WR$W\SH IDXOWV +RZHYHU WKLV GRHV QRW
PHDQ WKDWSHJPDWLWHVDQG WKHVH IDXOWVZHUHFRHYDOEXW
SHJPDWLWHVKDYHSUREDEO\XVHGEULWWOHIDXOWVDVSDWKZD\V
7KHODFNRIVWUXFWXUDOSDUDPHWHUVGRHVQRWDOORZXVWREH
PRUHSUHFLVH
7KHIUHTXHQF\DQDO\VLVRIWKHVKRUWHVWGLVWDQFHEHWZHHQ
HDFKRIWKHSHJPDWLWHW\SHVDQGȖ±ȖJUDQLWLFERXQGDULHV
KLJKOLJKWVWKDWLVWDWLVWLFDOGLVWULEXWLRQVRIWKHLQGLYLGXDO
W\SHV . 6. 6./ DQG 6/ RYHUODS DQG LL PD[LPXP
IUHTXHQF\YDOXHVVWDQGIRUUDWKHUODUJHGLVWDQFHVaNP
7KHUHIRUH RQH FDQQRW FRQFOXGH WKDW VSDWLDO UHODWLRQVKLS
H[LVWVEHWZHHQJLYHQSHJPDWLWHW\SHDQGȖ±ȖJUDQLWHV
%HVLGHVVHYHUDOHOHPHQWVXQGHUOLQHWKDW6/SHJPDWLWHV
GLIIHUIURPWKHRWKHUV,QGHHGWKLVSHJPDWLWHW\SHLVYHU\
GLIIHUHQW IURP WKHRWKHU RQHV)ROORZLQJ¿HOGREVHUYD-
WLRQVDOOSHJPDWLWHRFFXUUHQFHVRIWKHChèdeville district 
)LJEGLVSOD\DVKDUSFRQWDFWZLWKWKHKRVWURFNVLH
Ȗ JUDQLWH DQG PHWDPRUSKLF URFNV ,W VKRXOG EH QRWHG
WKDW WKH1 WUHQGLQJFOXVWHU ORFDWHGRQ WKHVRXWKHUQ
66*&FRQWDFWLVLVRODWHGDQGLWVGLUHFWLRQGRHVQRWFRU-
UHVSRQGWRDQ\RIWKHWKUHHIDXOWVVWULNHIDPLOLHVUHFRJ-
QL]HG7KHChèdeville district\LHOGVDQDJHRI
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clusters pegmatites
γ2 and γ3 granitic plugs
(a)
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to the A faults
~500 m
Schematic model showing High Anomalous Distribution
of pegmatites in the vicinty of A-type faults and the high
density of B- or C-type faults
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Fig. 9a –+LJKGHQVLW\RIWKH$W\SHIDXOWVLVSDUDOOHOWRWKHODUJHVKHDUHGEDQGORFDWHGLQWKHFHQWUDOSDUWRIWKH66*&ZLWKSHJPDWLWHVDQGFOXV-
WHUVWUHQGVDXWRPDWLFDOO\PDSSHGLQWKLVDUHDVHH)LJb –6FKHPDWLFPRGHOLOOXVWUDWLQJWKH+LJK$EQRUPDO'LVWULEXWLRQVRISHJPDWLWHVLQWKH
YLFLQLW\RI$W\SHIDXOWVDQGWKHKLJKGHQVLW\]RQHVRI%RU&W\SHIDXOWV
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0D$U±$UPHWKRGRQOHSLGROLWH&KHLOOHW]HWDO
ZKHUHDV WKH66*&HPSODFHPHQWKDVEHHQGDWHGDW
0D8±3EPHWKRGRQ]LUFRQDQGPRQD]LWH+ROOLJHU
HWDO&RQVHTXHQWO\DOOHYLGHQFHVXJJHVWVWKDWL
WKH6/SHJPDWLWHVSUREDEO\KDYHQRWEHHQH[WUDFWHGIURP
WKHVDPHVRXUFHDVWKHRWKHUW\SHVDQGLL6/SHJPDWLWHV
FOXVWHULQJ VHHPV WR EH FRQWUROOHG E\ D VSHFL¿F PHFKD-
QLVP2EYLRXVO\VRPHJHRFKHPLFDOGDWDDUHUHTXLUHGLQ
DGGLWLRQWRWKHJHRFKURQRORJLFDOLQIRUPDWLRQWRFRQ¿UP
RXUPRGHOVXFKDVLDGHWDLOHGLVRWRSLFVWXG\HJ6U
1G3E/LDQG2LLDPLQHUDOFKHPLVWU\IRUHDFKRIWKH
SHJPDWLWHW\SHVWRFRPSDUHZLWKJHRFKHPLFDOGDWDIURP
JUDQLWHVDQG¿QDOO\LLLDSUHFLVH8±3EJHRFKURQRORJLFDO
VWXG\RI)DQD\DQG/HV6DJQHVJUDQLWHV
7. Discussion 
&OXVWHULQJSDWWHUQRIWKHSHJPDWLWH¿HOGVKDVRIWHQEHHQ
GHVFULEHG EXW WKH XQGHUO\LQJ PHFKDQLVPV UHPDLQ RQO\
SRRUO\FRQVWUDLQHGXSWRGDWH7ZRPRGHOVFDQEHFRQVLG-
HUHGRUDSRVVLEOHFRPELQDWLRQRIWKHWZRLD³VRXUFH´
PRGHOZKHUHE\SHJPDWLWHFOXVWHUVDUHIRUPHGZLWKLQDQG
RULQWKHYLFLQLW\RILQWUXVLYHJUDQLWHSOXJVZKLFKGLVSOD\
OLPLWHGVSDWLDOH[WHQWDQGZKLFKZRXOGEHWKHVRXUFHRI
WKH SHJPDWLWH FOXVWHUV LL D ³WUDS´ PRGHO ZLWK GLVSHU-
VLRQRIWKHSHJPDWLWHVEHLQJFRQWUROOHGE\WKHRQHRIWKH
VWUXFWXUHV LQ WKH XSSHU FUXVW FRQQHFWHG WR D PDJPDWLF
VRXUFHDWGHSWK ,QGHHG VWXGLHVRQEULWWOHGHIRUPDWLRQ
DQGURFNEHKDYLRUVKRZWKDWIDXOWVW\SLFDOO\GHYHORSLQ
FOXVWHUVDQGFDQIROORZDIUDFWDOW\SHVSDWLDORUJDQL]DWLRQ
LHZLWKFOXVWHULQJRFFXUULQJRQGLIIHUHQWVFDOHVHJ6RU-
QHWWHHWDO6WHDF\DQG6DPPLV9HOGHHWDO
&RZLHHWDO$VVKRZQLQWKLVVWXG\VSDWLDO
VWDWLVWLFDODQDO\VLVSURYLGHVSRZHUIXOWRROVIRUHYDOXDWLQJ
WKHUHVSHFWLYHUROHRIVXFKWZRPHFKDQLVPV
7KHȖ±ȖJUDQLWHVDUHRIWHQFRQVLGHUHGDVSRWHQWLDO
PDJPDWLFVRXUFHVHHDERYH)ROORZLQJWKHWKHRUHWLFDO
IUDFWLRQDWLRQPRGHORISHJPDWLWHGHYHORSPHQW/RQGRQ
WKHGLIIHUHQWLDWLRQGHJUHHLQFUHDVHVZLWKLQFUHDV-
LQJGLVWDQFHDZD\IURPWKHSDUHQWDOJUDQLWHV6WDWLVWLFDO
DQDO\VLVRI WKHFRPSXWHGGLVWDQFHVEHWZHHQSHJPDWLWHV
DQG FRXQWU\ URFNV VKRXOG WKXV GLVSOD\ FRQWUDVWLQJ IUH-
TXHQF\GLVWULEXWLRQVZKHQFRQVLGHULQJGLIIHUHQWW\SHVRI
SHJPDWLWHVLHLQFUHDVLQJWKHDYHUDJHGLVWDQFHLQWKH.
6.6./6/VHTXHQFH,QFRQWUDVWRXUVWXG\KLJKOLJKWV
VLPLODUIUHTXHQF\GLVWULEXWLRQV7KLVLVDOVRYLVLEOHRQWKH
PDSZKHUH VHYHUDO Ȗ±ȖJUDQLWLFSOXJVGRQRWGLVSOD\
DQ\RFFXUUHQFHRISHJPDWLWH LQ WKHLUYLFLQLW\ )LJD
1RVSDWLDO OLQNEHWZHHQSHJPDWLWHVDQGJUDQLWHVFDQEH
GHGXFHGLQWKH0RQWVG¶$PED]DFFDVHVWXG\
&RQYHUVHO\WKHSUHVHQWVWDWLVWLFDOVWXG\FOHDUO\SURYHV
WKDWWKHVWUXFWXUDOFRQWUROPHFKDQLVPVDUHGRPLQDQWIDXOW
WUDFHVEHLQJWKHNH\SDUDPHWHUFRQWUROOLQJWKHGLVWULEXWLRQ
RIWKHSHJPDWLWHFOXVWHUV
'XHWRWKHODFNRIVWUXFWXUDOGDWDQRSUHFLVHUHODWLYH
WLPLQJFDQEHHVWDEOLVKHGDPRQJ WKH WKUHH IDXOWV VWULNH
IDPLOLHV1HYHUWKHOHVVEDVHGRQWKHIDXOWVWULNHDQDO\VLV
VHH)LJEDPHFKDQLFDOPRGHOFRXOGEHSURSRVHG,Q
DEULWWOHUHJLPH$W\SHIDXOWVGHYHORSHGDIWHUDQGSDUDOOHO
WR WKH PHGLDO VKHDUHG FRUULGRU ± ZKLFK KDV EHHQ LQWHU-
SUHWHGDVD³ULJKWODWHUDOPDJPDWLFVKHDU]RQH´)LJD
HJ0ROOLHUDQG%RXFKH]0ROOLHUDQG/HVSLQDVVH
 &XQH\ HW DO  +RWWLQ HW DO  6WULNH RI
Tab. 1 5HYLHZRIGLIIHUHQWFDOFXODWLRQVSHUIRUPHGWRUHDOL]HWKHFOXVWHUV
DXWRPDWLF PDSSLQJ RI DOO SHJPDWLWHV DQG HDFK SHJPDWLWH W\SHV ZLWK
FOXVWHULQJGLVWDQFHVRIDQGPUHVSHFWLYHO\
JURXS,' QRRISRLQWV SHUFOXVWHU WUHQG WUHQGFODVV
 ellipse shape  
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(DFKFOXVWHU LVGH¿QHGE\DJURXS,'WKHQXPEHURISRLQWVDYHUDJH
GLVWDQFHQHDUHVWQHLJKERU'11WUHQGWUHQGIDXOWFODVV$%&
RUdUHODWHGLWDQGLWVHOOLSVHVKDSHUDWLR(DFKJURXS,'LVLOOXVWUDWHG
LQ)LJE
LVRODWHGSRLQWVRIHDFKSHJPDWLWHW\SHDUHQRWFRQVLGHUHGLQWKLVWDEOH
 WUHQGFODVVL¿FDWLRQ LVEDVHGRQ WKHRQHRI IDXOWVSRSXODWLRQV VHH
)LJ LW LVGHWHUPLQHGIRUFOXVWHUV!SRLQWVDQGIRUFOXVWHUHOOLSVH
VKDSHUDWLR!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WKH%W\SHIDXOWVLVDOVRFRPSDWLEOHZLWKVXFKDGHIRUPD-
WLRQUHJLPHDQGIDXOWVFDQEHFRQVLGHUHGHLWKHUDVQHZO\
IRUPHGVWUXFWXUHVRUDVUHDFWLYDWHGRQHVHJH[WHQVLRQDO
MRJV5HJDUGLQJWKHLURULHQWDWLRQ&W\SHIDXOWVDUHPRVW
OLNHO\LQKHULWHGVWUXFWXUHV,QWKLVWKHRUHWLFDOVHWWLQJSHJ-
PDWLWHVZHUHSUHIHUHQWLDOO\HPSODFHGDWWKHLQWHUVHFWLRQV
EHWZHHQWKHQHZO\IRUPHG$W\SHVWULNHVOLSIDXOWVDQG
WKH]RQHVZLWKKLJKGHQVLW\RIWKH%RU&W\SHIDXOWVVHH
FRUUHVSRQGLQJORFDWLRQVLQ)LJE1RQHWKHOHVVIXUWKHU
¿HOGDQGPLFURVWUXFWXUDO VWXGLHVDUHQHHGHG WR WHVW WKLV
ZRUNLQJK\SRWKHVLV
7R FRQFOXGH WKLV PHWKRG LV UHDOO\ VXLWDEOH WR VWXG\
VSDWLDO UHODWLRQVKLSV EHWZHHQ SHJPDWLWHV DQG WKHLU HQ-
YLURQPHQWDQG WRFRQVWUDLQ WKHSHJPDWLWH HPSODFHPHQW
PHFKDQLVP6XFKDVWXG\LVFOHDUO\OHVVWLPHFRQVXPLQJ
WKDQDQ\DQDO\WLFDORQH+RZHYHUDQDO\WLFDOVWXGLHVVXFK
DVJHRFKHPLFDODQGRU LVRWRSLFDQDO\VHVDUHEHVWVXLWHG
WR HVWDEOLVK WKH JHQHWLF OLQNV EHWZHHQ SHJPDWLWHV DQG
JUDQLWHV2XUVWDWLVWLFDODSSURDFKFRXOGEHHPSOR\HGLQ
RWKHUSHJPDWLWH¿HOGVZKHUHRXWFURSFRQGLWLRQVDUHIDYRU-
DEOHWRREVHUYHDQGYDOLGDWHVWDWLVWLFDOUHVXOWVE\IXUWKHU
VWUXFWXUDOPHDVXUHPHQWV
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